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PREFACE 


S elected Water Resources Abstracts, a monthly 
journal, includes abstracts of current and earlier 
pertinent monographs, journal articles, reports, and 
other publication formats. These documents cover 
water resources as treated in the life, physical, and 
social sciences and the related engineering and legal 
aspects of the characteristics, supply condition, con- 
servation, control, use, or management of water 
resources. Each abstract includes a full bibliographic 
citation and a set of descriptors which are listed in 
the Water Resources Thesaurus. The abstract 
entries are classified into 10 fields and 60 groups 
similar to the water resources research categories 
established by the Committee on Water Resources 
Research of the then Federal Council for Science and 
Technology. 


Selected Water Resources Abstracts is designed 
to serve the scientific and technical information needs 
of scientists, engineers, and managers as one of 


several services of the Water Resources Scientific 
Information Center. The cumulative SWRA file from 
1968 and monthly updates are available also in 
magnetic tape through lease from NTIS. 


THE WATER RESOURCES SCIENTIFIC INFOR- 
MATION CENTER DOES NOT PROVIDE COPIES OF 
DOCUMENTS ABSTRACTED IN THIS JOURNAL. 
Sufficient bibliographic information is given to en- 
able readers to order the desired documents from 
local libraries or other sources. 


Comments and suggestions concerning the contents 
and arrangement of this bulletin are welcome. 


Water Resources Scientific 
Information Center 
U.S. Geological Survey 
MS 425 National Center 
Reston, VA 22092 
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SELECTED WATER RESOURCES ABSTRACTS 


2. WATER CYCLE 
2A. General 


GROUND-WATER INFLOW TO THE DES- 

CHUTES RIVER NEAR THE WARM SPRINGS 

INDIAN RESERVATION, OREGON, AUGUST 

1985. 

Geological Survey, Portland, OR. Water Re- 

sources Div. 

For primary bibliographic entry see Field 2F. 
90-09533 


EVAPOTRANSPIRATION IN A _ GREEN- 
HOUSE-WARMED WORLD: A REVIEW AND 
SIMULATION. 

Resources for the Future, Inc., Washington, DC. 
Climate Resources Program. 

For primary bibliographic entry see Field 2D. 
W90-09710 


MODELING THE EFFECTS OF AMAZONIAN 
DEFORESTATION ON REGIONAL SURFACE 
CLIMATE: A REVIEW. 

National Center for Atmospheric Research, Boul- 
der, CO. 

R. E. Dickinson. 

Agricultural and Forest Meteorology AFMEEB, 
Vol. 47, No. 2/4, p 339-347, September 1989. 5 fig, 
17 ref. 


Descriptors: *Amazon Forest, *Brazil, *Climates, 
*Climatology, *Deforestation, *Forests, Amazon, 
Global climate models, Hydrologic cycle, Mathe- 
matical models, Micrometeorology, Regional stud- 
ies, Vegetation. 


The extent of the Amazon Forest continues to 
shrink. A first-hand account of a visit to the Brazil- 
ian Amazon in Alta Floresta and in Rondonia 
between Porto Velho and Ji Parana and the obser- 
vations made are discussed in relation to the prob- 
lem of climate modeling. Relevant literature is 
reviewed concerning the nature of the modeling 
problem, climatological comparison between ob- 
served and modeled surface data, and modeling the 
effects of deforestation. The conversion of a large 
fraction of the Amazon to shorter cover is expect- 
ed to have significant climatic consequences. Eval- 
uation of these consequences requires modeling the 
micrometeorology of the forest canopy, plus scal- 
ing up from the local scales of individual sites and 
convective storms to the scales of global climate 
models (GCMs). The attempt made in 1988 by 
Dickinson and Henderson-Sellers may have exag- 
gerated the effects of deforestation of evapotran- 
spiration during the wet season, and hence other 
aspects of the hydrologic cycle, because of the 
model’s overestimation of interception losses. 
Their model had excess solar radiation at the sur- 
face and a dissimilarity between the temporal 
structure of local rainfall and that generated at a 
model grid point, both of which likely contribute 
to exaggeration of model interception. Also, a 
GC©M integration of at least 3-4 yr may be neces- 
sary to establish the consequences of deforestation 
for regional and global climate. (Rochester-PTT) 
W90-09712 


CLIMATE-INDUCED WATER AVAILABILITY 
CHANGES IN EUROPE. 

International Inst. for Applied Systems Analysis, 
Laxenburg (Austria). 

For primary bibliographic entry see Field 6D. 
W90-09727 


IMPACT OF DECADAL FLUCTUATIONS IN 
MEAN PRECIPITATION AND TEMPERA- 
TURE ON RUNOFF: A SENSITIVITY STUDY 
OVER THE UNITED STATES. 

National Climatic Data Center, Asheville, NC. 

T. R. Karl, and W. E. Riebsame. 

Climatic Change CLCHDX, Vol. 15, No. 3, p 423- 
447, December 1989. 12 fig, 3 tab, 20 ref. NOAA 
and DOE Interagency Agreement Number DE- 
A105-850421501. 


Descriptors: *Climatic data, *Global warming, 
*Greenhouse effect, *Precipitation, *Rainfall- 
runoff relationships, Catchment areas, Forecasting, 
Prediction, Seasonal variation, Temperature, Tem- 
perature effects. 


The nature of climate variability is such that deca- 
dai fluctuations in average temperature (up to 1 C 
annually or 2 C seasonally) and precipitation (ap- 
proximately 10% annually) have occurred in most 
areas of the United States during the modern cli- 
mate record (the last 60 years). The impact of these 
fluctuations on runoff was investigated, using data 
from 82 streams across the United States that had 
minimal human interference in natural flows. The 
effects of recent temperature fluctuations on 
streamflow are minimal, but the impact of relative- 
ly small fluctuations in precipitation (about 10%) 
are often amplified by a factor of two or more, 
depending on basin and climate characteristics. 
This result is particularly significant with respect 
to predicted changes in temperature due to the 
greenhouse effect. It appears that without reliable 
predictions of precipitation changes across drain- 
age basins, little confidence can be placed in hy- 
pothesized effects of the warming on annual 
runoff. (Author’s abstract) 
772 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: I. THROUGH- 
FALL MEASUREMENT IN A _ EUCALYPT 
FOREST: EFFECT OF METHOD AND SPE- 
CIES COMPOSITION. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

R. H. Crockford, and D. P. Richardson. 
Hydrological Processes HYPRE3, Vol. 4, No. 2, 
131-144, April/May 1990. 5 fig, 7 tab, 18 ref. 


Descriptors: *Forest watersheds, *Measuring in- 
struments, *Rainfall impact, *Rainfall-runoff rela- 
tionships, *Species composition, *Throughfall, 
Australia, Data acquisition, Eucalyptus trees, Hy- 
drologic budget, Interception, Leaves, Rain gages, 
Soil-water-plant relationships. 


A seven-year event-based study was performed as 
part of a project established to Phecre the hydro- 
logical and associated chemical processes in a rural 
catchment (composed of grasslands, eucalypt 
forest, and pine plantations) in Australia, where the 
rainfall was partitioned into throughfall, stemflow, 
and interception. Two methods of measuring 
throughfall are compared: randomly placed, 200 
mm cylindrical gages (standard) and 50 mm square 
opening wedge type gages (plastic), and randomly 
placed 5 x 0.22 m troughs. Despite the high place- 
ment density (150 to 225 per hectare), throughfall 
estimates from gages has high variance and consist- 
ently underestimates those of the troughs, which 
had a total opening equivalent to 2325 rain gages 
(200 mm diameter) per hectare. Local concentra- 
tion of stemflow into drip points provided by 
detaching bark pieces of one smooth-barked spe- 
cies, Eucalyptus mannifera, is believed to be the 
principal cause of the lower collection and greater 
variance of the gages. The low leaf area index (1.3) 
and large wood area of the forest together with the 
pendulous vertical habit of the leaves also contrib- 
uted. Thus the presence of E. mannifera is shown 
to substantially affect the relative values of 
throughfall as measured by troughs and gages. The 
plastic receivers were found to underesiimate rain- 
fall or throughfall relative to the standard gages, 
particularly for fine drop rainfall in multiperiod 
events. (See W90-09778 thru W90-09780) (Fish- 


PTT) 
W90-09777 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: II. STEM- 
FLOW AND FACTORS AFFECTING STEM- 
FLOW IN A DRY SDEROPHYLL EUCALYPT 
FOREST AND A PINUS RADIATA PLANTA- 
TION. 


Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 


Resources. 
For primary bibliographic entry see Field 21. 
'W90-09778 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: III. DETERMI- 
NATION OF THE CANOPY STORAGE CAPAC- 
ITY OF A DRY SDEROPHYLL EUCALYPT 
FOREST. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

For primary bibliographic entry see Field 21. 
W90-09779 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: IV. THE RE- 
LATIONSHIP OF INTERCEPTION AND 
CANOPY STORAGE CAPACITY, THE INTER- 


IN 
THE PINE PLANTATION. 
Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 
For primary bibliographic entry see Field 21. 
'W90-09780 


ORIGINS AND VARIATIONS OF NITRATE IN 
SOUTH POLAR PRECIPITATION. 

Laboratoire de Glaciologie et Geophysique de 
l'Environnement, Saint-Martin d’Heres (France). 
M. R. Legrand, and S. Kirchner. 

Journal of Geophysical Research (D) Atmospheres 
JGRDE3, Vol. 95, No. 4, p 3493-3507, March 20, 
1990. 11 fig, 2 tab, 61 ref. 


Descriptors: *Acid rain, *Chemistry of precipita- 
tion, *Nitrates, *Polar regions, Antarctic, Firn, 
Nitrogen compounds, Nitrogen oxides, Snow sam- 
pling, Solar radiation, Sulfur compounds. 


South polar firn cores spanning the last millennium 
have been analyzed to determine the nitrate back- 
ground level of high-latitude precipitation and its 
temporal variations. The resulting data reveal no 
evidence of a positive correlation between solar 
activity and the nitrate content of south polar 
snow. These data therefore suggest that nitrogen 
oxide (nox) production in the upper stratosphere, 
mesosphere, and thermosphere does not contribute 
significantly to the antarctic nitrate budget. This 
study of the nitrate content of high latitude precipi- 
tation suggests a major contribution by lightning 
and by nitrogen oxide produced in the lower strat- 
osphere to the nitrate budget of this background 
atmosphere, the remaining portion being related to 
the present nitrogen oxide surface sources of the 
southern hemisphere. For the first time, the data 
point to a decrease of nitrate content when very 
large amounts of sulfuric acid are present in South 
Pole snow layers. This observation suggests a pos- 
sible interaction between sulfur-derived and nitro- 
gen-derived species when large quantities of sulfur 
dioxide are injected by volcanic eruptions. Al- 
though the deposition mechanism of nitric acid in 
South Pole snow layers is far from well under- 
stood, the data suggest that only a minor amount 
of this compound is deposited directly on surface 
snow layers. Finally, the role played by particles to 
enhance the uptake of odd nitrogen from the at- 
mosphere by heterogeneous processes suggests 
that in late winter, under certain meteorological 
conditions leading to ice particle formation, a sig- 
nificant uptake of nitric acid from the lower strato- 
sphere can occur. (Author’s abstract) 

W90-09790 


SNOWMELT OF MT. HERMON AND ITS 
CONTRIBUTION TO THE SOURCES OF THE 
JORDAN RIVER. 

Ministry of Agriculture, Haifa (Israel). Hydrologi- 
cai Service. 

D. Gilad, and J. Bonne. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 1-15, March 1990. 6 fig, 8 tab, 9 ref. 





Field 2—WATER CYCLE 


Group 2A—General 


Descriptors: *Hydrologic budget, *Jordan River 
Basin, *Recharge, *Runoff cycle, *Snowmelt, 
*Watersheds, Headwaters, Israel, Mount Hermon, 
Satellite technology, Snow cover, Snow depth. 


The water resources of the upper Jordan River 
Basin, particularly the main springs, are partially 
fed by the snowmelt of Mt. Hermon, an uplifted 
anticline on the northern border of Israel, com- 
posed of karstic limestone. To date, there are 
almost no data or estimates of the magnitude of 
snowmelt recharge and its areal and temporal dis- 
tribution. Inaccessibility to most parts of the moun- 
tain is the main reason for the lack of data. During 
the last four years research has been conducted to 
find characteristic parameters that represent the 
relationship between the Mt. Hermon snowcover 
and its contribution to dry weather discharge of 
the Jordan River tributaries. Snow depth and 
water content were measured at several locations 
in the altitude range 1500-2100 m above sea level 
(a.s.1.). The snow-covered area was obtained from 
Landsat images and from aerial photographs. The 
snow lines were delineated on 1:250,000 scale maps 
and their area was measured. These data were 
compared with the dry weather water yield of the 
Jordan tributaries and the main springs. Significant 
contribution from the snowpack was found only 
above 1400 m. The areal extent of the pertinent 
snowcover is 185 sq km, representing about 25% 
of the total drainage basin of the Jordan headwa- 
ters. The mean water content at the snow gaging 
sites increased from 10 cm at an elevation of 1500 
m, 65 cm at an altitude of 2100 m a.s.l. Based on 
these values, a preliminary estimate yielded a 
volume of 50,000,000 cu m, which is about 30% of 
the dry weather discharge. This may be considered 
as the potential snowmelt recharge to the Jordan 
River main springs. (Author’s abstract) 

W90-09791 


ESTIMATION OF RUNOFF-ROUTING 
MODEL PARAMETERS USING INCOMPATI- 
BLE STORM DATA. 

Newcastle Univ. (Australia). Dept. of Civil Engi- 
neering. 

G. Kuczera. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 47-60, March 1990. 6 fig, 3 tab, 19 ref. 


Descriptors: *Flood routing, *Hydrologic models, 
*Rainfall-runoff relationships, *Routing, *Storm 
runoff, *Storm water management, Catchment 
basins, Parametric hydrology, Probability distribu- 
tion. 


When several observed storm events are available 
a pooling method is required to estimate the pa- 
rameters of a runoff-routing model. The usual 
pooling model makes the strong assumption that 
there is a set of model parameters unique to all 
storms. Using the RORB runoff-routing model in a 
case study, it is found that its model parameters 
inferred from one storm event are frequently statis- 
tically incompatible with parameters inferred from 
other storms. A more general pooling model is 
proposed, which views storm parameters as being 
random and independent samples from a random 
effect probability model; the random effects may 
be because of parameter bias arising from errors in 
catchment rainfall, or model simplification. The 
pooled mean and covariance matrix of the model 
parameters is derived in a Bayesian ‘ramework. 
The design hydrograph is computed using the 
pooled mean, which, unlike simple averaging, 
makes explicit allowance for storm data of varying 
quality. The computation of lower and upper 
bound prediction limits can be sensitive to the 
choice of pooling model. (Author’s abstract) 
W90-09793 


GEOCHEMICAL AND ISOTOPIC STUDY OF 
GROUNDWATER FLOW PATHS IN A VOL- 
CANIC AREA UNDER SEMI-ARID CLIMATIC 
CONDITIONS (EXEMPLE D’ETUDE GEOCHI- 
MIQUE ET ISOTOPIQUE DE CIRCULATIONS 
AQUIFERES EN TERRAIN VOLCANIQUE 
SOUS CLIMAT SEMI-ARIDE). 

Paris-11 Univ., Orsay (France). Lab. d’Hydrologie 
et de Geochemie Isotopique. 

For primary bibliographic entry see Field 2F. 


W90-09794 


MODELING THE EFFECTS OF UNSATURAT- 
ED, STRATIFIED SEDIMENTS ON GROUND- 
WATER RECHARGE FROM INTERMITTENT 
STREAMS. 
California Univ., 
Board. 

For primary bibliographic entry see Field 2E. 
W90-09798 


Santa Cruz. Earth Sciences 


PRINCIPLES OF CROP AND SOIL MANAGE- 
MENT PROCEDURES FOR MAXIMIZING 
PRODUCTION PER UNIT RAINFALL. 
Agricultural Research Service, Bushland, TX. 
Conservation and Production Research Lab. 

For primary bibliographic entry see Field 3F. 
W90-09820 


ISOTOPE TECHNIQUES IN 

SOURCES DEVELOPMENT. 

For primary bibliographic entry see Field 7B. 
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SOURCES OF RECHARGE TO THE BASAL 
NUBIAN SANDSTONE AQUIFER, BUTANA 
REGION, SUDAN. 

British Geological Survey, Wallingford (England). 
Hydrogeology Research Group. 

For primary bibliographic entry see Field 2F. 
W90-09962 


OXYGEN-18 AND DEUTERIUM DISTRIBU- 
TION IN’ RAINFALL, RUNOFF AND 
GROUNDWATER IN A SMALL SEMI-ARID 
BASIN: THE ARAVAIPA VALLEY IN THE 
SONORA DESERT, ARIZONA. 

Ben-Gurion Univ. of the Negev, Sde Boker 
(Israel). Jacob Blaustein Inst. for Desert Research. 
E. Adar, and A. Long. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 257-273. 8 fig, 2 tab, 12 ref, append. 


Descriptors: *Alluvial aquifers, *Isotope studies, 
*Rainfall-runoff relationships, *Semiarid lands, 
*Stable isotopes, Aravaipa Valley, Arizona, Geo- 
hydrology, Groundwater, Rainfall, Runoff, Sonora 
Desert, Spatial distribution. 


The stable isotope distribution in a confined alluvi- 
al aquifer may indicate the altitude as well as the 
climatological conditions which prevail in the re- 
charge area. However, study of stable isotope dis- 
tribution across ten kilometers of a confined alluvi- 
al aquifer in the Aravaipa Valley, Sonora Desert, 
Arizona, revealed an extreme difference in isotopic 
ratios in both sides of the aquifer, which cannot be 
explained by simple climatological factors. The 
stable isotope distribution in precipitations across 
the valley revealed that the heaviest average O-18 
values in the valley are -4.9 ppt in summer -8.9 ppt 
in winter storms. However, although the western 
sampler and one of the samplers at the east were 
located at the same elevation, 14 km apart, the 
rainfall appeared to be significantly heavier in the 
west. The weighted averages of O-18 were found 
to be -7.9 ppt in the west and -8.7 ppt in the east. 
The fact that water in the east is depleted in O-18 
compared with water in the west at a given alti- 
tude can be attributed to the relation between the 
path of the storm and the topography. Thus, the 
western rain sampler is located on the lee side of 
the Galivro Mountains, and the eastern sampler is 
located on the foreside of the Santa Teresa Moun- 
tains. On the lee side, the vertical distance traveled 
by the raindrops is greater than on the foreside, 
causing the lee side to be relatively enriched in O- 
18. However, the rainfall regime alone cannot ex- 
plain the isotopic pattern in groundwater across 
the valley. Neither can enrichment by heavier 
flood waters, as the latter were found to be lighter 
in their isotopic content compared with. the 
weighted average of rainfalls associated with the 
floods. The only mechanism to explain further 
enrichment in the groundwater is evaporation from 


the top soil and from sheet-flow over the alluvial 
pediments. The large extent of coarse alluvial pedi- 
ments in the western portion of the Aravaipa 
Valley compared with limited outcrops along the 
eastern pediments explains the heavy isotopic ratio 
in the western portion of the groundwater system. 
(See also W90-09551) (Author’s abstract) 
W90-09965 


WATER MOVEMENTS IN THE UNSATURAT- 
ED ZONE AND RECHARGE OF THE AQUI- 
FER IN THE CHAMPAGNE CHALK 
(FRANCE): ISOTOPIC AND CHEMICAL AP- 
PROACHES MOUVEMENTS DE L’EAU DANS 
LA ZONE NON SATUREE ET ALIMENTA- 
TION DE LA NAPPE DE LA CRAIE DE CHAM- 
PAGNE (FRANCE). 

Institut National de la Recherche Agronomique, 
Chalons-sur-Marne (France). Station d’Agronomie. 
For primary bibliographic entry see Field 2F. 
W90-09972 


ISOTOPIC COMPOSITION OF PRECIPITA- 
TION AND GROUNDWATER IN CANADA. 
Waterloo Univ. (Ontario). Dept. of Earth Sciences. 
P. Fritz, R. J. Drimmie, S. K. Frape, and K. 
O’Shea. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 539-550. 6 fig, 1 tab, 18 ref. 


Descriptors: *Canada, *Climatology, *Deuterium, 
*Groundwater, *Isotope studies, *Meteorology, 
*Oxygen isotopes, *Precipitation, Isotopic compo- 
sition, Meteorological data. 


The deuterium and oxygen isotopic compositions 
of precipitation from nine meteorological stations 
across Canada are discussed. It is documented that 
meteorological regimes determine isotope concen- 
trations, with Eastern Canada being dominated by 
‘tropical’ and ‘Atlantic’ air streams whereas the 
west receives primarily Pacific storms. These pat- 
terns prevail during the summer whereas during 
winter months, arctic air masses can arrive in 
virtually all areas of Canada. Relationships be- 
tween ground temperature and isotope contents in 
precipitation are presented and deuterium excess 
values are used to discuss secondary effects influ- 
encing isotope contents. The isotopic compositions 
of shallow groundwater closely reflect the average 
annual isotopic composition of local precipitation. 
Differences are explained by selective recharge 
(e.g. winter precipitation appears to be especially 
important in the Prairies) or recharge processes 
which have not totally smoothed out the input 
variations seen in precipitation. (See also W90- 
09551) (Author’s abstract) 

W90-09982 


DEUTERIUM CONTENT OF EUROPEAN PA- 
LEOWATERS AS INFERRED FROM ISOTOP- 
IC COMPOSITION OF FLUID INCLUSIONS 
TRAPPED IN CARBONATE CAVE DEPOSITS. 
Institute of Physics and Nuclear Techniques, 
Krakow (Poland). 

K. Rozanski, and M. Dulinski. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 565-578. 4 fig, 1 tab, 28 ref. IAEA Re- 
search Contract 3660. 


Descriptors: *Deuterium, *Isotope studies, *Paleo- 
climatology, *Paleohydrology, *Stable isotopes, 
Atmospheric circulation, Carbonates, Caves, Cli- 
matology, Europe, Karst, Poland. 


The results of isotope investigations of groundwat- 
ers and carbonate cave deposits collected in karstic 
regions of southern and central Poland are dis- 
cussed in detail. Combined isotope studies of car- 
bonate cave deposits allowed some important con- 
clusions to be formulated regarding climatic and 
environmental conditions prevailing over the Eu- 
ropean continent during the last 300,000 years: (a) 





delta D values of fluid inclusions suggest a remark- 
able constancy of the heavy isotope content of 
European paleoinfiltration waters recharged 
during interglacial periods, (b) climate-induced, 
long term changes in isotopic precipitation and 
lace air temperature over Europe can be char- 
acterized by the deuterium gradient of about 1.4 
ppt per degree C, (c) an apparent constancy of the 
continental gradient in deuterium content of Euro- 
pean paleoinfiltration waters, as judged from fluid 
inclusion data, and its similarity to the present day 
gradient suggests that atmospheric circulation over 
Europe has not undergone substantial changes 
during the last 300,000 years. (See also W90-09551) 
(Author’s abstract) 
W90-09984 


CONCLUSIONS FROM A TEN YEAR STUDY 
OF OXYGEN-18 IN PRECIPITATION AND 
RUNOFF IN SWEDEN. 

Uppsala Univ. (Sweden). Dept. of Hydrology. 

J. O. Burgman, B. Calles, and F. Westman. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 579-590. 8 fig, 3 tab, 6 ref. 


Descriptors: *Isotope studies, *Oxygen isotopes, 
*Precipitation, *Runoff, *Sweden, River water, 
Seasonal variation, Stable isotopes, Temperature 
effects. 


Monthly isotope data from 17 precipitation stations 
and eleven river stations in Sweden are presented 
for the years 1978-1985. The smallest amplitudes 
and highest delta O-18 values are found on the 
west coast stations, while the largest amplitudes 
and lowest delta O-18 values are observed in the 
continental areas in the northern part of the coun- 
try. The delta O-18 is highly correlated to the long 
term average temperature, but poorly correlated to 
the average monthly temperature. The spatial cor- 
relations between resid after subtraction of the 
seasonal component are fairly high for neighboring 
stations and decrease exponentially with increasing 
distance. The residence time increases with in- 
creasing catchment area and increasing lake per- 
centage, in general. A comparison of delta O-18 in 
precipitation with that in river water is used to 
evaluate mean delta O-18 value shift and amplitude 
damping. (See also W90-09551) (MacKeen-PTT) 
W90-09985 


SURVEY OF APPLICATIONS OF NON-RA- 
DIOACTIVE BUT NEUTRON ACTIVATABLE 
GROUNDWATER TRACERS. 

Pennsylvania State Univ., University Park. Brea- 
zeale Nuclear Reactor. 

For primary bibliographic entry see Field 7B. 
W90-09988 


TING EXTREME EVENTS: LOG 
PEARSON TYPE 3 DISTRIBUTION. 
Saint Johns River Water Management District, 
Palatka, FL. 
For primary bibliographic entry see Field 7C. 
W90-10113 


HYDROLOGICAL ANALYSIS OF FARM RES- 
ERVOIRS IN RAINFED RICE AREAS. 
International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 
For primary bibliographic entry see Field 3B. 
W90-10161 


ANALYSIS OF THE WATER BALANCE AND 
THE WATER RESOURCES IN THE MOUN- 
TAINOUS HEIHE RIVER BASIN. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

Yang. 

IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. IAHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. p 53-69. 4 fig, 5 tab, 6 ref. 


Descriptors: *Hydrologic budget, *Meteorological 
data, *Mountains, *River basins, China, Drought, 
Evaporation, Hydrologic data, Precipitation, 
Stream runoff, Temperature effects, Water re- 
sources. 


The Heihe River Basin has one of the longest 
meteorological and hydrological records in the 
midsection of Qilian Mountain. It has an area of 
10,000 sq km above the stream gauging station that 
is situated where the river exits the mountains. The 
basin elevation ranges from 1700-4942 m above sea 
level, and its mean altitude is 3700 m above sea 
level. The spatial and temporal variations in the 
water balance and their relationship are analyzed 
in this paper. The results of the vo he jis show that 
mountainous areas have abundant pe 1 stable pre- 
cipitation, small evaporation and high stream 
runoff. The indicative value of drought (Em/P) for 
the Heihe mountainous area is 1.2-1.3, which is 
smaller than at the lower zones of Qilian Mountain. 
There is a high coefficient of runoff in high alti- 
tudes. The trend of decreasing runoff since the 
1960s is related to the air temperature being lower 
than normal. (See also W90-10374) (Author’s ab- 


stract) 
W90-10381 


ATMOSPHERE-SOIL-PLANT SYSTEM AND 
THE WATER CYCLE. 

E. Romijn. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 1-28. 4 fig, 7 tab, 18 ref. 


Descriptors: * Agriculture, *Groundwater, 
*Groundwater quality, *Hydrologic cycle, *Soil- 
water-plant relationships, Atmosphere, Drainage, 
Fertilizers, Geochemical cycles, Geohydrology, 
Irrigation, Microorganisms. 


To study the effects of agriculture on groundwater 
quantity and quality the agricultural system can be 
divided into different subsystems, such as the abiot- 
ic, biotic and human subsystems. A review is pre- 
sented with emphasis on the abiotic and biotic 
subsystems. For the abiotic subsystem the topics 
included are: atmosphere, climate and weather; the 
hydrological cycle (including irrigation and drain- 
age); the soil and sub-soil; geochemical cycles (in- 
cluding fertilizing); and energy flow. Biotic subsys- 
tem topics include: crops and their biochemistry; 
microorganisms; and animal life directly connected 
with crops (insects, cattle, etc.). (See also W90- 
bay. oe 


PROCEEDINGS OF THE SYMPOSIUM: COLD 
REGIONS HYDROLOGY. 

For primary bibliographic entry see Field 2C. 
W90-10434 


MODELLING WATER LEVELS FOR A LAKE 
IN THE MACKENZIE DELTA. 

National Hydrology Research Inst., Ottawa (On- 
tario). 

For primary bibliographic entry see Field 2H. 
W90-10437 


— OF TWO SUBARCTIC WATER- 
Alaska Univ., Fairbanks. Inst. of Northern Engi- 
neering. 

R. E. Gieck, and D. L. Kane. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 283-291, 2 fig, 
2 tab, 14 ref. 


Descriptors: *Alaska, *Cold regions, *Cold re- 
gions hydrology, *Groundwater recharge, *Hy- 
drologic budget, *Subarctic zone, Evapotranspira- 
tion, Groundwater movement, Precipitation, Rain- 
fall-runoff relationships, Snowmelt. 


Two interior Alaskan watersheds on Ester Dome 
west of Fairbanks, Alaska were studied from May 


WATER CYCLE—Field 2 


Precipitation—Group 2B 


1982 to June 1984 to assess possible groundwater 
discharge. Numerous hydraulic measurements 
were made, but basically runoff precipitation were 
measured and evapotranspiration was calculated 
using climatic variables. Generally, light showery 
precipitation and high evapotranspiration rates pre- 
clude or severely limit groundwater recharge 
during the summer months. Only during periods of 
substantial rainfall is groundwater recharge possi- 
ble. During snowmelt every year, the groundwater 
recharge potential is quite high because of water 
stored in a snowpack that has accumulated over a 
six month period, and evapotranspiration demands 
are minimal. (See also W90-10434) (Author’s ab- 
stract) 

W90- 10465 


WATER BALANCE OF THE UPPER KOLYMA 
BASIN. 


Moscow State Univ. (USSR). Faculty of Geogra- 


phy. 
For primary bibliographic entry see Field 7C. 
W90- 10466 


WATER BALANCE AND RUNOFF ANALYSIS 
AT A SMALL WATERSHED DURING THE 
SNOW-MELTING SEASON. 

Hokkaido Univ., Sapporo (Japan). Inst. of Low 
Temperature Science. 

For primary bibliographic entry see Field 2C. 
W90-10467 


ESTIMATIONS OF SNOWMELTING RATE IN 
A SMALL EXPERIMENTAL SITE. 

Hokkaido Univ., Sapporo (Japan). Inst. of Low 
Temperature Science. 

For primary bibliographic entry see Field 2C. 
W90-10468 


OF GLACIER MELTWATER 
HS. 


Alaska Univ., Fairbanks. Inst. of Northern Engi- 
neering. 

For primary bibliographic entry see Field 7C. 
W90-10473 


MASS BALANCE OF SNOW COVER IN THE 
ACCUMULATION AND ABLATION PERIODS. 
National Board of Waters, Helsinki (Finland). Hy- 
drological Office. 

For primary bibliographic entry see Field 2C. 
W90-10479 


2B. Precipitation 


PRECIPITATION RETRIEVAL OVER LAND 
AND OCEAN WITH THE SSM/1: IDENTIFICA- 
TION AND CHARACTERISTICS OF THE 
SCATTERING SIGNAL. 

National Aeronautics and Space Administration, 
Huntsville, AL. George C. Marshall Space Flight 
Center. 

For primary bibliographic entry see Field 7B. 
W90-09622 


RAINWATER HARVESTING FOR THE MAN- 
AGEMENT OF AGRICULTURAL DROUGHTS 
IN THE FOOTHILLS OF NORTHERN INDIA. 
Central Soil and Water Conservation Research and 
Training Inst. Chandigarh (India). Research 
Centre. 

For primary bibliographic entry see Field 3F. 
W90-09659 


PRACTICAL DETERMINATION 
THETICAL FLOODS. 

Espey, Huston and Associates, Inc., Austin, TX. 
For primary bibliographic entry see Field 2E. 
W90-09672 


OF HYPO- 


ANTICIPATING THE FREQUENCY DISTRI- 
BUTION OF PRECIPITATION IF CLIMATE 
CHANGE ALTERS ITS MEAN. 
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Connecticut Agricultural Experiment Station, 
New Haven. Dept. of Horticulture and Forestry. 
P. E. Waggoner. 

Agricultural and Forest Meteorology AFMEEB, 
Vol. 47, No. 2/4, p 321-337, September 1989. 11 
fig, 2 tab, 9 ref. 


Descriptors: *Climatic changes, *Climatology, 
*Global warming, *Mathematical analysis, *Pre- 
cipitation, Means, Prediction, Statistics. 


The relationship between the shape and dispersion 
of the frequency distributions of precipitation 
amounts and their means among present climates 
gives a clue to how the probabilities of extremes 
will change if the mean changes. The distribution 
is limited at zero and, as the means decrease, the 
standard deviations decrease and the distributions 
become more skewed. The gamma distribution 
function fits these distributions from the nearly 
normal of annual amounts in humid climates to the 
skewed of monthly in arid ones. Its mean, M, is 
BG and variance V, is B squared G, where B is the 
scale and G is the shape parameter. Among 660 
cases of 12 monthly distributions at 55 diverse 
stations, the variance increased as M to 1.3 power 
(r squared = 0.90), which specifies relationships 
between the mean and B and G. Thus, probabilities 
are specified by the mean and, among 660 cases, 
572 specified probabilities of amounts less than half 
the means were not significantly different from the 
observed. For precipitation more than three halves 
the mean, 653 were not significantly different from 
the observed. The relationships among parameters 
specify a dimensionless elasticity or relative in- 
crease in the probability of extremes with a relative 
decrease in the mean. For amounts below a thresh- 
old, the elasticity is greater for lower thresholds 
and higher means, and it is often > 1, signifying a 
relatively greater rise in the probability of ex- 
tremes than a fall in the mean. (Author’s abstract) 
W90-09711 


MODELING THE EFFECTS OF AMAZONIAN 
DEFORESTATION ON REGIONAL SURFACE 
CLIMATE: A REVIEW. 

National Center for Atmospheric Research, Boul- 
der, CO. 

For primary bibliographic entry see Field 2A. 
W90-09712 


GLOBAL MONITORING AT THE UNITED 
STATES BASELINE STATIONS WITH EM- 
PHASIS ON PRECIPITATION CHEMISTRY 
MEASUREMENTS. 
National Oceanic and Atmospheric Administra- 
tion, Silver Spring, MD. Air Resources Lab. 

Artz. 
Environmental Monitoring and Assessment 
EMASDH, Vol. 12, No. 3, p 255-267, July 1989. 
11 fig, 14 ref. 


Descriptors: *Acid rain, *Air pollution, *Baseline 
studies, *Chemistry of precipitation, *Monitoring, 
*United States, Alaska, American Samoa, Compar- 
ison studies, Europe, Geophysical Monitoring for 
Climatic Chan, Hawaii, Hydrogen, Ions, National 
Oceanic and Atmospheric Adminis, Nitrates, Pa- 
cific Ocean, Precipitation, South Pole, Sulfates. 


The National Oceanic and Atmospheric Adminis- 
tration Geophysical Monitoring for Climatic 
Change (GMCC) program has operated four 
remote precipitation chemistry stations at two 
polar and two tropical Pacific locations for over a 
decade. Station geography and meteorology is dis- 
cussed and a summary of the hydrogen, sulfate, 
and nitrate ion data collected since 1980 is present- 
ed. Results show that at all four locations, the ions 
that have major anthropogenic sources were far 
less concentrated than in samples collected in 
heavily industrialized areas in the northeastern 
United States and Europe. Concentrations at 
American Samoa and the South Pole showed little 
variability over the year, whereas concentrations 
at Point Barrow, Alaska, and Mauna Loa, Hawaii, 
were highly variable. (Author’s abstract) 


APPROPRIATE RECORD LENGTHS FOR THE 
ESTIMATION OF MEAN ANNUAL AND 


MEAN MONTHLY PRECIPITATION IN 
SOUTHERN AFRICA. 

Natal Univ., Pietermaritzburg (South Africa). 
Dept. of Agricultural Engineering. 

S. D. Lynch, and M. C. Dent. 
Water SA WASADV, Vol. 16, No. 2, p 93-98, 
April 1990. 3 fig, 1 tab, 33 ref. 

Descriptors: *Data acquisition, *Rainfall, *South 
Africa, *Time series analysis, Annual precipitation, 
Arid lands, Bias, Errors, Monthly precipitation, 
Record length, Semiarid lands. 


Mean annual precipitation (MAP) and mean 
monthly precipitation (MMP) are two of the most 
widely used variables in hydrological design, 
water resources planning, and agrohydrology. The 
use of short-term records can bias estimates of 
MAP and MMP significantly; this bias is more 
pronounced in semiarid regions, which cover 
much of South Africa. A study was conducted to 
estimate appropriate record length for good esti- 
mates of MAP and MMP in 24 regions covering 
South Africa. The appropriate length of record 
varies from region to region. The length of record 
required in the more arid regions of southern 
Africa is no longer than that required in the wetter 
regions. However, the expression of the possible 
error in percent can be misleading. Although 
shorter length records may have a relatively high 
percentage error, choosing longer records may not 
produce a significant improvement in the quality of 
the data because the spatial and altitudinal cover- 
age decreases as the record length is increased. A 
map is included showing the length of record in 
years required to ensure that the means of annual 
rainfall estimates fall within 10% of the long-term 
mean 90% of the time. The range of record lengths 
for the 24 regions is from 15 to 35 yr. (Rochester- 


W90-09753 


CONVECTIVE CLOUD CHARACTERISTICS 
FOR THE BETHLEHEM AREA, 

Weather Bureau, Pretoria (South Africa). Dept. of 
Environmental Affairs. 

P. C. L. Steyn, and R. T. Bruintjes. 

Water SA WASADYV, Vol. 16, No. 2, p 115-118, 
April 1990. 6 fig, 3 tab, 10 ref. 


Descriptors: *Radar, *Remote sensing, *South 
Africa, *Storms, Cloud cover, Regional studies, 
Thunderstorms. 


During the summer months, the Enterprise radar, 
situated at Bethlehem (Orange Free State, South 
Africa), is operated in volume scan mode. Calcu- 
lated characteristics such as storm lifetimes, storm 
first echoes as a function of time, areal distribution, 
direction of movement, and radar echo properties 
as a function of mergings are presented. The radar 
storm characteristics of cloud development in the 
Bethlehem region were considered for the period 
November 1988 to February 1989. Only days with 
convective cloud development were considered. A 
relatively large storm population existed on most 
days. However, the most of these storms had short 
lifetimes, making them inefficient rain-producing 
storms. Surface heating and topography seem to be 
the primary triggering mechanisms for Highveld 
thunderstorms. First echo heights tended to vary 
with terrain height, which possibly is related to the 
additional forcing in mountainous areas. Generally, 
storms tended to move from west to east, predomi- 
nantly with the mid-level (500 hPa) winds. The 
development of more intense, longer-lived storms 
was related to the amount of storms merging with 
an already existing storm. This demonstrates the 
importance of mesoscale organization. (Rochester- 


PTT) 
W90-09757 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: I. THROUGH- 
FALL MEASUREMENT IN A EUCALYPT 
FOREST: EFFECT OF METHOD AND SPE- 
CIES COMPOSITION. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 


For primary bibliographic entry see Field 2A. 
W90-09777 


PHYSICAL RESPONSE OF age ORO- 
GRAPHIC CLOUDS OVER SIERRA 
NEVADA TO AIRBORNE SEEDING USING 
DRY ICE OR SILVER IODIDE. 

Bureau of Reclamation, Auburn, CA. 

For primary bibliographic entry see Field 3B. 
W90-09786 


PRECIPITATION OBSERVED OVER THE 


RADIOMETER DURING WINTER MONEX. 
Georgia Univ., Athens. School of Environmental 
Design. 

G. W. Petty, and K. B. Katsaros. 

Journal of Applied Meteorology JAMOAX, Vol. 
29, No. 4, p 273-287, April 1990. 8 fig, 1 tab, 34 ref. 
NASA Grants NAG5-354, NAGS5-943, NAG5-784 
NAGS-784. 


Descriptors: ‘*Clouds, *Radar, *Radiometry, 
*Rainfall distribution, *Remote sensing, *Satellite 
technology, Microwaves, Rainfall area, South 
China Sea, Weather patterns. 


Mesoscale cloud clusters near the northwestern 
coast of Borneo were observed by the Scanning 
Multichannel Microwave rt (SMMR) on 
three occasions during the Winter Monsoon Ex- 
periment (MONEX) in December 1978. A nondi- 
mensional form of the SMMR 37 GHz polarization 
difference was used to identify regions of precipita- 
tion, and these were compared with visible and 
infrared imagery from the GMS-1 geostationary 
satellite. For two of the three cloud cluster cases, 
quantitative comparisons were made by the MIT 
WR-73 digital weather radar at Bintulu. Though 
limited in scope, these represent the first known 
direct comparisons between digital radar-derived 
rain parameters and satellite passive microwave 
observations of near-equatorial precipitation. 
SMMR 37 GHz observations are found to be much 
better indicators of fractional coverage of each 
SMMR footprint by rain than of average rain rate 
within the footprint. Total area coverage by pre- 
cipitation was estimated for all three clusters using 
this result. (Author’s abstract) 

W90-09787 


ORIGINS AND VARIATIONS OF NITRATE IN 
SOUTH POLAR PRECIPITATION. 

Laboratoire de Glaciologie et Geophysique de 
l'Environnement, Saint-Martin d’Heres (France). 
For primary bibliographic entry see Field 2A. 
'W90-09790 


POINT RAINFALL MODEL BASED ON A 
THREE-STATE CONTINUOUS MARKOV OC- 
CURRENCE PROCESS, 

Australian National Univ., Canberra. Centre for 
Resource and Environmental Studies. 

M. F. Hutchinson. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 125-148, March 1990. 3 fig, 4 tab, 37 ref. 


Descriptors: *Markov process, *Parametric hy- 
drology, *Rainfall distribution, *Rainfall intensity, 
Mathematical models, Poisson ratio, Weather pat- 
terns. 


A four-parameter three-state Markov process 
model for rainfall occurrence at a point is de- 
scribed. The model gives rise to rainfall events 
which consist of clusters of showers in a similar 
fashion to existing Poisson cluster process models, 
but has a more direct physical interpretation since 
showers do not overlap in time. Parameters may be 
estimated by maximum likelihood from observed 
runs of wet and dry hours. Runs of dry hours 
follow a mixed geometric distribution which is 
verified using hourly occurrence data for Spokane, 
Washington, in mid-winter. The sequential occur- 
rence structure permits a two-parameter autocorre- 
lated exponential (shot noise) intensity process to 
be associated with the occurrence process which in 





turn permits the model to match rainfall intensity 
and occurrence statistics for Denver, Colorado, in 
mid-summer better than an existing five-parameter 
rectangular pulse Poisson cluster process model. 
The occurrence model can be directly related to a 
simpler two-state model for applications at coarser 
time scales. Daily statistics for the corresponding 
two-state model are shown to be consistent with 
daily statistics for the three-state model. The oc- 
currence model can also be extended to include 
additional weather states of hydrological signifi- 
cance, such as periods of nonprecipitating cloud. 
(Author’s abstract) 

W90-09797 


THEORETICAL STUDY OF THE WET RE- 
MOVAL OF ATMOSPHERIC POLLUTANTS. 
PART IV: THE UPTAKE AND REDISTRIBU- 
TION OF AEROSOL PARTICLES THROUGH 
NUCLEATION AND IMPACTION SCAVENG- 
ING BY GROWING CLOUD DROPS AND ICE 


ARTI : 
Mainz Univ. (Germany, F.R.). Meteorological 


Inst. 

R. R. Alheit, A. I. Flossmann, and H. R. 
Pruppacher. 

Journal of the Atmospheric Sciences JAHSAK, 
Vol. 47, No. 7, p 870-887, 1990. 8 fig, 2 tab, 65 ref. 
Ministry for Research and Technology of the Fed- 
eral Republic of Germany Project 325-4007- 
0704580; German National Science Foundation 
Project SFB 233. 


Descriptors: *Aerosols, *Air pollution, *Convec- 
tive precipitation, *Model studies, *Nucleation, 
*Path of So *Precipitation scavenging, 
*Water pollu 


tion sources, Cloud liquid water, Coa- 
lescence, Fluid drops, Ice, Numerical analysis, Par- 
ticle size, Rime, Water vapor. 


A theoretical model has been formulated which 
allows the study of the effects of an ice phase on 
the removal of atmospheric aerosol particles by 
nucleation and impaction scavenging in a convec- 
tive cloud. This microphysical model was tested 
by using a rg vd parcel model with entrainment as 
the dynamic framework. The present model has 
been applied to and numerically evaluated for a 
convective cloud in which the cloud particles 
grow via vapor deposition, collision, and coales- 
cence and riming. The computations were carried 
out for a rural-background aerosol of given parti- 
cle size distribution. Two different chemical com- 
positions of the aerosol particles and two different 
modes of ice initiation were considered. The study 
shows for in-cloud scavenging: (1) scavenging by 
drop nucleation dominates impaction scavenging 
by drops as well as all other a mecha- 
nisms; (2) scavenging by nucleation of snow crys- 
tals via drop freezing or any other nucleation 
mechanism dominates impaction scavenging by 
snow crystals; (3) impaction scavenging by snow 
—_ is, for the conditions studied, the least 
efficient scavenging mechanism; (4) scavenging by 
riming of graupel is an extremely efficient process; 
(5) the transfer of aerosol mass into the ice phase 
by riming of graupel and by freezing of drops 
dominates all other transfer mechanisms; (6) inside 
mixed ice-water clouds the aerosol mass becomes 
redistributed in such a manner that the main aero- 
sol mass is associated with the main graupel mass if 
timing is the dominant process of precipitation 
formation, and with the main water mass if colli- 
sion and coalescence of drops in the dominant 
process of precipitation formation. (Author’s ab- 
stract) 

W90-09801 


EVIDENCE OF DETERMINISTIC CHAOS IN 
THE PULSE OF STORM RAINFALL, 

Iowa Univ., Iowa City. Dept. of Civil and Envi- 
ronmental Engineering. 

M. B. Sharifi, K. P. Georgakakos, and I. 
Rodriguez-Iturbe. 

Journal of the Atmospheric Sciences JAHSAK, 
Vol. 47, No. 7, p 888-893, 1990. 5 fig, 1 tab, 14 ref. 
NSF Presidential Young Investigator Award CES- 
8657526; National Center for Supercomputing Ap- 
plications Grant TRA870098N. 


Descriptors: *Attractants, *Chaos(Mathematical), 
*Meteorological data, *Meteorology, ‘*Rainfall 


forecasting, *Statistical analysis, *Storm water, 
*Weather forecasting, Hydraulic design, Model 
studies, Rain gages, Rainfall rate. 


There is evidence of determinism in climate and 
weather related variables. Rainfall data obtained 
by a highly sensitive rain gage have been analyzed 
for the presence of strange attractors. Analysis of 
three storms that occurred in Cambridge, Massa- 
chusetts, revealed, for each storm, the presence of 
a low-dimensional strange attractor with correla- 
tion dimension that was less than 4. The datasets 
consist of the discrete time series of the interarrival 
times of one-hundredth of a millimeter rainfall 
amounts. In all cases, the number of data points in 
the datasets was at least 3300, which makes the 
evidence of determinism in storm rainfall strong. 
Such a finding, if followed by studies that would 
characterize the distribution of points on the at- 
tractor, has significant implications for the reliable 
long-term prediction of rainfall and, consequently, 
for the design of large hydraulic structures that are 
at risk due to excessive rainfall rates. (Fish-PTT) 
W90-09802 


LONG-TERM VARIABILITY OF THE TROPI- 
CAL AFRICAN RAINBELT AND ITS RELA- 
TION TO RAINFALL IN THE SAHEL AND 
NORTHERN KALAHARI. 

Tokyo Univ. (Japan). Dept. of Geography. 

M. Shinoda. 

Journal of the Meteorological Society of Japan 
JMSJAU, Vol. 68, No. 1, p 19-35, February 1990. 
19 fig, 23 ref. Grant-in-Aid for Scientific Research, 
(Japan) Ministry of Education, Science and Cul- 
ture No. 01790592. 


Descriptors: *Climatology, *Rain forests, *Rainfall 
distribution, *Tropical regions, Africa, Convective 
precipitation, Meteorological data collection, Sea- 
sonal variation, Semiarid climates. 


The interannual variability of tropical rainfall is 
closely associated with the behavior of the inter- 
tropical convergence zone (ITCZ). Through a 
quantitative analysis of tropical rainbelts, determi- 
nation of the critical behavior of the rainbelt as to 
its position and/or intensity is found. The behavior 
is related to the rainfall variability in the semiarid 
regions of tropical Africa, the Sahel and northern 
Kalahari regions. Two parameters describing the 
rainbelt are used: its center of gravity and total 
rainfall. These parameters indicate the center and 
intensity of the convective activity of the ITCZ, 
respectively. The reduction in total rainfall of the 
rainbelt during the northern summer solstice 
season is the critical factor in determining the 
continuous reduction of the Sahelian rainfall 
during the period from the early 1960s to the mid- 
1980s. For the northern Kalahari, the reduction in 
total rainfall of the rainbelt during the southern 
summer solstice season is also responsible for the 
below-normal rainfall during the period between 
the late 1950s and the early 1970s. The southward 
advance and increase in the total rainfall of the 
rainbelt resulted in the wet conditions during the 
late 1950s. These results demonstrate that the 
poleward expansion of the tropical annual rainfall 
zone during the wet period of the 1950s was 
caused by the concurrent poleward advance and 
increase in total rainfall of the rainbelt during the 
northern and southern summer solstice seasons. 
The equatorward contraction of the rainfall zone 
after this period resulted from the reduction in the 
total rainfall of the rainbelt for each season. (Au- 
thor’s abstract) 

W90-09803 


CONVECTIVE AND STRATIFORM COMPO- 
NENTS OF A WINTER MONSOON CLOUD 
CLUSTER DETERMINED FROM GEOSYN- 
CHRONOUS INFRARED SATELLITE DATA. 
Washington Univ., Seattle. Dept. of Atmospheric 
Sciences. 

S. B. Goldenberg, R. A. Houze, and D. D. 
Churchill. 

Journal of the Meteorological Society of Japan 
JMSJAU, Vol. 68, No. 1, p 37-63, February 1990. 
23 fig, 1 tab, 41 ref, append. National Aeronautics 
and Space Administration Grant NAG5-784504. 
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Descriptors: *Climatology, *Cloud physics, *Con- 
vective precipitation, *Meteorology, *Monsoons, 
*Satellite technology, Meteorological data collec- 
tion, Radar, South China Sea. 


A technique originally devised for estimating the 
convective and stratiform precipitation areas and 
amounts of mesoscale convective cloud systems 
from infrared satellite imagery has been applied to 
a large cloud cluster observed over the South 
China Sea during the Winter Monsoon Experiment 
(WMONEX). The technique was modified to 
obtain agreement with a previous analysis of 
ground-based radar data obtained in a limited part 
of the cluster. The modifications included altering 
the method for identifying convective cells in the 
satellite data, accounting for the extremely cold 
cloud tops characteristic of the WMONEX region 
and modifying the threshold infrared temperature 
for the boundary of the stratiform rain area. After 
obtaining agreement with the radar analysis over a 
limited portion of the cluster’s area and lifetime, 
the satellite technique was applied to the entire 
cluster over its full lifetime. The locations of the 
convective and stratiform rain areas found in this 
extended analysis were consistent with WMONEX 
research ship and aircraft data of the cluster. The 
evolution of total convective and stratiform pre- 
cipitation indicated by the satellite analysis over 
the cluster’s lifetime was qualitatively consistent 
with previous radar analyses of other equatorial 
cloud clusters, except that this cluster appears to 
have developed a particularly strong stratiform 
component during its mature stage. The successful 
application of this technique to the WMONEX 
cloud cluster provides encouragement for the use 
of this method, and it appears that this technique 
will be a useful complement to future spaceborne 
precipitation-measuring radar systems. (Author’s 
abstract) 

W90-09804 


PROBABILISTIC QUANTITATIVE PRECIPI- 
TATION FORECASTS DERIVED FROM POPS 
AND CONDITIONAL PRECIPITATION 
AMOUNT CLIMATOLOGIES. 

Cornell Univ., Ithaca, NY. Dept. of Agronomy. 
D. S. Wilks. 

Monthly Weather Review MWREAB, Vol. 118, 
No. 4, p 874-882, April 1990. 4 fig, 2 tab, 16 ref. 
USDA Regional Project NE-132. 


Descriptors: *Climatology, *Meteorology, *Pre- 
cipitation, *Precipitation forecasting, *Probabilistic 
process, *Probable maximum _ precipitation, 
*Weather forecasting, Climatic data, Meteorologi- 
cal data, Texas. 


Probabilistic quantitative precipitation forecasts 
(PQPFs) for discrete amount classes can be formu- 
lated as the product of precipitation probabilities 
(as issued in probability of precipitation (PoP) fore- 
casts) and the climatological PoPs in specified cat- 
egories conditional on the occurrence of measura- 
ble precipitation. Such forecasts were investigated 
for the 12-24 hour projection using two types of 
conditional climatologies. The first involves simply 
the conditional PoPs in selected amount classes 
given that at least 0.254 mm occurred. The second 
conditional climatology involves three distribu- 
tions for the same events, conditional on both the 
occurrence of measurable precipitation and on the 
magnitude of the PoP forecast. Comparison of the 
conditional climatological distributions shows 
clearly that forecast periods for which ‘high’ (60- 
100%) PoPs were issued are characterized by dis- 
tributions having higher probabilities of larger 
amounts and lower probabilities of lower amounts, 
as compared to both distributions conditioned on 
other PoP categories and distributions not condi- 
tioned on the PoP forecasts. The reverse is true of 
distributions conditioned on ‘low’ (0-20%) PoP 
values. These are seen to be general properties for 
the conterminous U.S. Forecast results for sites in 
Texas from 1981 to 1982 show that the present 
forecasts show skill comparable to that exhibited 
by the subjective PQPFs . Use of climatological 
precipitation amount distributions conditioned on 
the magnitude of the subjective PoP forecasts im- 
proves overall skill scores only modestly, but in a 
way that allows more frequent use of higher prob- 
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abilities for the larger precipitation amount catego- 
ries. (Author’s abstract) 
W90-09807 


BOUNDARY LAYER STRUCTURE AND DY- 
NAMICS IN OUTER HURRICANE RAIN- 
BANDS. PART 1: MESOSCALE RAINFALL 
AND KINEMATIC STRUCTURE. 

National Oceanic and Atmospheric Administra- 
tion, Miami, FL. Atlantic Oceanographic and Me- 
teorological Labs. 

M. D. Powell. 

Monthly Weather Review MWREAB, Vol. 118, 
No. 4, p 891-917, April 1990. 19 fig, 49 ref. 


Descriptors: *Boundary layers, *Cyclonic precipi- 
tation, *Hurricanes, *Meteorology, *Rainfall dis- 
position, *Storms, Convective precipitation, Shear, 
Wind velocity. 


Results of hurricane boundary layer experiments 
conducted in outer rainbands of Hurricanes Jose- 
phine (1984) and Earl (1986) are presented. Com- 
parisons of precipitation and kinematic structures 
in these storms and in Hurricane Floyd (1981) 
indicate that principal rainbands have common 
characteristic mesoscale and convective-scale fea- 
tures in the boundary layer. The two-dimensional 
mesoscale structure suggests that these rainbands 
are made up of a linear aggregate of cellular reflec- 
tivity elements (on the inner, upshear side of the 
band) and stratiform rain (on the outer downshear 
side). The bands are oriented perpendicular to the 
shear above the boundary layer and cells move 
downband at about 85% of the density-weighted 
mean wind speed of the 0.2-6 km layer. The 
boundary-layer wind field is strongly influenced by 
the rainband with alongband and crossband wind 
maxima located on the outer side of the band axis, 
and minima 4-8 km to the inner side. Maximum 
crossband convergence and cyclonic shear vortici- 
ty are also found to the inner side of the rainband 
axis. Updrafts and downdrafts are preferentially 
located on the inner side of the band axis, with 
some downdrafts spreading out at the surface. The 
band-relative positions of the updraft and perturba- 
tion pressure minimum suggest that the minimum 
may be produced by interaction of the wind shear 
and the updraft. Outer hurricane rainbands show 
many similarities to tropical squall lines, major 
differences are associated with propagation and the 
structure of the leading and trailing edges. (See 
also W90-09809) (Author’s abstract) 

W90-09808 


BOUNDARY LAYER STRUCTURE AND DY- 
NAMICS IN OUTER HURRICANE RAIN- 
BANDS. PART II: DOWNDRAFT MODIFICA- 
TION AND MIXED LAYER RECOVERY. 
National Oceanic and Atmospheric Administra- 
tion, Miami, FL. Atlantic Oceanographic and Me- 
teorological Labs. 

M. D. Powell. 

Monthly Weather Review MWREAB, Vol. 118, 
No. 4, p 918-938, April 1990. 14 fig, 4 tab, 43 ref. 


Descriptors: *Boundary layers, *Cyclonic precipi- 
tation, *Hurricanes, *Meteorology, *Rainfall dis- 
position, *Storms, Air circulation, Convective pre- 
cipitation, Evaporation rate, Wind velocity. 


Recent aircraft boundary layer measurements in 
the vicinity of principal hurricane rainbands have 
confirmed that convective downdrafts are capable 
of transporting cool, dry, low equivalent potential 
temperature air to the surface, where the mixed 
layer is eliminated. The incorporation of this air 
into convection near the core of the storm may 
weaken the storm, depending upon the scale of the 
disturbance and the processes governing the recov- 
ery of the air while it is flowing toward the 
eyewall. The thermodynamic characteristics of the 
boundary layer in outer convective hurricane rain- 
bands provide evidence for downdraft modifica- 
tion mechanisms and determine the extent to 
which disturbed boundary-layer air may be re- 
stored on its trajectory to the storm. Mixed-layer 
model calculations were made to estimate the 
extent to which initially disturbed boundary-layer 
profiles were restored to values characteristic of 
undisturbed conditions. The moistening effect of 


rain evaporation is overcome by an increase in 
entrainment produced by differential evaporation 
cooling over the transition, reducing the recovery. 
Modification of the boundary layer by rainband 
downdrafts may be responsible for changes in the 
storm intensity. Much additional work is required 
to determine appropriate entrainment mechanisms 
in strong winds over water. (See also W90-09808) 
(Author’s abstract) 
90-09809 


POSSIBILITIES AND LIMITATIONS OF 
RAINFALL ANALYSIS FOR PREDICTING 
CROP-AVAILABLE WATER (UNCERTAIN- 
TIES IN THE LENGTH OF THE RAINY 
SEASON). 

For primary bibliographic entry see Field 3F. 
W90-09812 


INTERPRETING THE RESULTS FROM SIMU- 
LATED DROUGHT EXPERIMENTS. 

Reading Univ. (England). Dept. of Applied Statis- 
tics. 

For primary bibliographic entry see Field 3F. 
W90-09814 


SOLUBILITY OF VOLATILE ELECTROLYTES 
IN MULTICOMPONENT SOLUTIONS WITH 
ATMOSPHERIC APPLICATIONS. 

Plymouth Marine Lab. (England). 

For primary bibliographic entry see Field 5B. 
W90-09851 


ASSESSMENT OF THE POTENTIAL EFFECTS 
OF CLIMATE CHANGE ON WATER RE- 
SOURCES OF THE DELAWARE RIVER 
BASIN: WORK PLAN FOR 1988-90, 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

M. A. Ayers, and G. H. Leavesley. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 88-478, 1989. 37 p, 10 fig, 68 ref. 
Descriptors: *Climate changes, *Climatology, 
*Delaware River Basin, *Global warming, *Hy- 
drologic modeling, *Hydrologic models, *Model 
studies, Climatic changes, Estuary modeling, Eva- 
potranspiration, Runoff, Water supply studies. 


The current consensus is that some global atmos- 
pheric warming will occur as a result of increasing 
‘greenhouse’ gases. Water resources scientists, 
planners, and managers are concerned about the 
uncertainty associated with climatic-change effects 
on water supplies and what planning might be 
necessary to mitigate the effects. Collaborative 
studies between climatologists, hydrologists, biolo- 
gists, and others are needed to gain this under- 
standing. The Delaware River basin study is an 
interdisciplinary effort on the part of the U.S. 
Geological Survey that was initiated to improve 
understanding of the sensitivity of the basin’s water 
resources to the potential effects of climate change. 
The Delaware River basin is 12,765 sq mi in area, 
crosses five physiographic provinces, and supplies 
water for an estimated 20 million people within 
and outside the basin. Climate change presumably 
will result in changes in precipitation and tempera- 
ture and could have significant effects on evapo- 
transpiration, streamflow, and groundwater re- 
charge. A rise in sea level is likely to accompany 
global warming and, depending on changes in 
freshwater inflows, could alter the salinity of the 
Estuary and increase saline-water intrusion into 
adjacent aquifer systems. Because the potential ef- 
fects are not well understood, this report discusses 
how the effects of climate change on the basin’s 
water resources might be defined and evaluated. 
The study objective is to investigate the basin’s 
hydrologic response, under existing water manage- 
ment policy and infrastructure, to various scenarios 
of climate change. Specific objectives include de- 
fining the temporal and spatial variability of basin 
hydrology under existing climate conditions, de- 
veloping climate-change scenarios, and evaluating 
the potential effects and sensitivities of basin water 
availability to these scenarios. The objectives will 
be accomplished through intensive modeling anal- 


ysis of the basin’s climate, watershed, estuary, and 
aquifer systems. (USGS) 
W90-09894 


FLOOD OF JANUARY 1982 IN THE SAN 
FRANCISCO BAY AREA, CALIFORNIA. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2E. 
W90-09898 


ISOTOPIC COMPOSITION OF PRECIPITA- 
TION AND GROUNDWATER IN CANADA. 
Waterloo Univ. (Ontario). Dept. of Earth Sciences. 
For primary bibiiographic entry see Field 2A. 
W90-09982 


VARIABILITY (IN TIME) OF THE ISOTOPIC 
COMPOSITION OF PRECIPITATION: CONSE- 
QUENCES REGARDING THE ISOTOPIC 
COMPOSITION OF HYDROLOGIC SYSTEMS. 
Weizmann Inst. of Science, Rehovoth (Israel). 
Dept. of Isotope Research. 

. R. Gat. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 551-563. 6 fig, 23 ref. 


Descriptors: *Groundwater recharge, *Isotope 
studies, *Precipitation, *Stable isotopes, Hydrolo- 
gy, Isotope fractionation, Isotopic composition, 
Meteorological data, Temporal distribution. 


The stable isotopic signature in precipitation is 
primarily imposed by the synoptic history of the 
air masses, namely, by vapor origin and the rainout 
history en route. Mixing patterns in the cloud and 
rain intensity affect the isotopic composition of 
rain to some extent. During the recharge to 
groundwaters, additional isotopic change may 
occur due to isotope fractionation which accompa- 
nies evaporative water loss from the surface or soil 
(mainly in arid zones), or selection of part of the 
rainfall by runoff or transpiration. Changes in the 
meteorological scaliye bo and climate express them- 
selves ‘isotopi both due to the changing syn- 
optic patterns a to the secondary isotope frac- 
tionation and selection which accompany the rain 
forming and the groundwater recharge process. 
For secondary isotope fractionation and selection, 
the rain intensities and the intervals between indi- 
vidual rain events are of major importance. (See 
also W90-09551) (Author’s abstract) 

W90-09983 


DEUTERIUM CONTENT OF EUROPEAN PA- 
LEOWATERS AS INFERRED FROM ISOTOP- 
IC COMPOSITION OF FLUID INCLUSIONS 
TRAPPED IN CARBONATE CAVE DEPOSITS. 
Institute of Physics and Nuclear Techniques, 
Krakow (Poland). 

For primary bibliographic entry see Field 2A. 
W90-09984 


CONCLUSIONS FROM A TEN YEAR STUDY 
OF OXYGEN-18 IN PRECIPITATION AND 
RUNOFF IN SWEDEN. 

Uppsala Univ. (Sweden). Dept. of Hydrology. 

For primary bibliographic entry see Field 2A. 
W90-09985 


RIVER PROCESSES METHODOLOGICAL AP- 
PROACH: EXPERIENCE WITH THE RIVER 
MUSONE, ITALY. 

Florence Univ. (Italy). Dept. of Civil Engineering. 
For primary bibliographic entry see Field 2J. 
W90-09991 


SCAVENGING OF ATMOSPHERIC POLLUT- 


PHASE 1 (AUSWASCHEN VON ATMOSPHAR- 
ISCHEN SPURENSTOFFEN DURCH WOLKEN 





UND NIEDERSCHLAG MITTELS EINES VER- 
TIKALEN WINDKANALS). 

Mainz Univ. (Germany, F.R.). Meteorological 
Inst. 

For primary bibliographic entry see Field 2K. 
W90-10062 


IUH OF GENERAL HYDROLOGIC SYSTEM 
MODEL. 

Anna Univ., Madras (India). 

For primary bibliographic entry see Field 7C. 
W90-10115 


NUMERICAL SIMULATION OF THE CHEM- 
ISTRY OF A RAINBAND. 

McGill Univ., Montreal (Quebec). Dept. of Mete- 
orology. 

For primary bibliographic entry see Field 2K. 
W90-10167 


CONTRIBUTION OF SULFATE AND DESERT 
AEROSOLS TO THE ACIDIFICATION OF 
CLOUDS AND RAIN IN ISRAEL. 

Tel-Aviv Univ. (Israel). Dept. of Geophysics and 
Planetary Sciences. 

For primary bibliographic entry see Field 5B. 
W90-10168 


MID-LATITUDE NORTHERN HEMISPHERE 
BACKGROUND SULFATE CONCENTRATION 
IN RAINWATER. 

Oregon State Univ., Corvallis. Dept. of Atmos- 
pheric Sciences. 

R. J. Vong. 

Atmospheric Environment ATENBP, Vol. 24A, 
No. 5, p 1007-1018, 1990. 4 fig, 4 tab, 77 ref. Forest 
Response Program of NAPAP Cooperative 
Agreement CR815714-01. 


Descriptors: *Acid rain, *Chemistry of precipita- 
tion, *Sulfates, Atmospheric chemistry, British Co- 
lumbia, Canada, Hydrogen ion concentration, 
Oregon, Rain, Washington, Water pollution 
sources. 


The pH is not sufficient to characterize the acidity 
of precipitation, but rather its acid-base compo- 
nents must be described. The chemistry of natural 
emission sources as well as the mechanisms of 
precipitation formation determine the chemistry of 
precipitation at mid-latitude, Northern Hemisphere 
locations. With the ocean biota as a source of 
atmospheric aerosol SO4(2-), it is expected that 
this ‘background’ chemistry will be dominated by 
S04(2-). For the purpose of this study, background 
was defined as a remote site generally upwind of 
urban areas, with the additional requirement that 
samples with evidence of contamination by anthro- 
pogenic sources be excluded. Canadian and U.S. 
data from long-term precipitation monitoring sites 
along the coasts of British Columbia, Oregon, and 
Washington were evaluated to estimate a back- 
ground SO4(2-) concentration in rainwater. In ad- 
dition to screening the data for charge balance, 
collection efficiency, and anthropogenic influence, 
the data were corrected for SO4(2-) associated 
with sea salt. Results of this analysis suggest that 
the mid-latitude, Northern Hemisphere back- 
ground excess SO4(2-) concentration in rainfall 
occurs most frequently in the range of 12-16 mi- 
croequiv/L with a mean of 5.5 microequiv/L and 
an average measured pH of 5.3. (Author’s abstract) 
W90-10169 


MATHEMATICAL MODELING OF CLOUD 
CHEMISTRY IN THE LOS ANGELES BASIN. 
Bechtel Environmental, Inc., San Francisco, CA. 
For primary bibliographic entry see Field 5B. 
W90-10170 


DEVELOPMENT AND EVALUATION OF AN 
ACID PRECIPITATION MONITOR FOR 
FRACTIONAL EVENT SAMPLING WITH CA- 
PABILITY FOR REAL-TIME PH, AND CON- 
DUCTIVITY MEASUREMENT. 

Northrop Services, Inc., Research Triangle Park, 
NC. 


For primary bibliographic entry see Field 7B. 
W90-10209 


SOLUBILITY OF MAJOR SPECIES IN PRE- 
CIPITATION: FACTORS OF VARIATION. 
Paris-7 Univ. (France). Lab. de Physico-Chimie de 
l’ Atmosphere. 

For primary bibliographic entry see Field 2K. 
W90-10210 


DYNAMIC CHEMICAL CHARACTERIZATION 
OF MONTANE CLOUDS. 

North Carolina State Univ. at Raleigh. Dept. of 
Marine, Earth and Atmospheric Sciences. 

V. P. Aneja, C. S. Claiborn, R. L. Bradow, R. J. 
Paur, and R. E. Baumgardner. 

Atmospheric Environment ATENBP, Vol. 24A, 
No. 3, p 563-572, 1990. 9 fig, 4 tab, 48 ref. 


Descriptors: *Acid rain, *Chemical properties, 
*Cloud chemistry, *Orographic precipitation, Hy- 
drogen ion concentration, Mountains, North Caro- 
lina, Path of pollutants. 


Cloud water collections have been made on Mt. 
Mitchell using a nearly real-time cloud and rain 
acidity/conductivity analyzer. Results are reported 
for integrating times of approximately five minutes 
during several cloud events in the summer and fall 
of 1987. Both the pH and ionic strength during 
cloud events were found to be much more variable 
than previously indicated by integrated cloud col- 
lection. Maximum values of H(+) and SO4(2-) ion 
concentrations in 5-min samples were as much as 
2.5 times greater than those measured in 1-h inte- 
grated collections. These results are not influenced 
by instrumental variability to any measurable 
extent. Results from repeated quality control sam- 
ples were highly reproducible, and agreement be- 
tween integrated collection data and the average 
values of 5-min sequential samples was also very 
good. (Author’s abstract) 

W90-10211 


UNIFIED WET DEPOSITION DATA SUMMA- 
RIES FOR NORTH AMERICA: DATA SUMMA- 
RY PROCEDURES AND RESULTS FOR 1980- 


1986, 

Battelle-Northwest, Richland, WA. 

For primary bibliographic entry see Field 7A. 
W90-10212 


ION-SELECTIVE FIELD EFFECT TRANSIS- 
TOR FOR IN SITU PH MONITORING OF WET 
DEPOSITION. 

Zurich Univ. (Switzerland). Inst. of Inorganic 
Chemistry. 

For primary bibliographic entry see Field 7B. 
W90-10273 


UPPER AIR TROUGH AXIS ORIENTATION 
AND THE SPATIAL DISTRIBUTION OF RAIN- 
FALL OVER ISRAEL. 

Ben-Gurion Univ. of the Negev, Sde Boker 
(Israel). Jacob Blaustein Inst. for Desert Research. 
A. Zangvil, and P. Druian. 

International Journal of Climatology IJCLEU, 
Vol. 10, No. 1, p 57-62, January/February 1990. 1 
fig, 2 tab, 14 ref. 


Descriptors: *Atmospheric circulation, *Climatol- 
ogy, *Israel, *Meteorology, *Rainfall distribution, 
Mediterranean Sea. 


Since Israel is located far from large oceans, avail- 
ability of moisture may be a limiting factor in 
producing rainfall by synoptic-scale disturbances. 
Thus, moisture evaporating from the nearby Medi- 
terranean Sea may become an important factor in 
producing precipitation in the region. A simple 
scheme was deigned to test the hypothesis that 
rainfall over Israel is largely affected by the trajec- 
tories of air prior to the rain event. The relation- 
ship between air trajectories before a rain event 
and the intensity and spatial distribution of rain 
over Israel was examined, A large percentage of 
rain events was associated with maritime air trajec- 
tories. Since the Israeli coastline bends sharply 


WATER CYCLE—Field 2 


Precipitation—Group 2B 


towards the west near latitude 31 degrees N, this 
means that the orientation of synoptic disturbances 
responsible for precipitation to the north of 31 
degrees N and to the south of this latitude are 
markedly different; troughs in the lower tropo- 
sphere that are oriented from north-east to south- 
west produce relatively more rain over the south 
of the country, while troughs that are tilted from 
north-west to south-east or from north to south 
produce relatively more rainfall over north and 
central Israel. (Author’s abstract) 

W90-10293 


DAILY OBSERVATIONS: 
RITUAL OR IMPOSITION. 
Meteorological Service, Wellington (New Zea- 
land). 

For primary bibliographic entry see Field 7A. 
W90- 10294 


NECESSITY, 


FOGWATER CHEMISTRY AT RIVERSIDE, 
CALIFORNIA. 

California Inst. of Tech., Pasadena. W.M. Keck 
Lab. of Environmental Engineering Science. 

For primary bibliographic entry see Field 5B. 
W90-10324 


ELEMENTS IN THE PRECIPITATION OF S. 
PAULO CITY (BRAZIL). 

Instituto de Pesquisas Espaciais, Sao Jose dos 
Campos (Brazil). 

For primary bibliographic entry see Field SB. 
W90-10325 


ACIDIC DEPOSITION: SULPHUR 
TROGEN OXIDES. 

For primary bibliographic entry see Field 5B. 
W90-10349 


AND NI- 


SULPHUR AND NITROGEN IN THE ATMOS- 
PHERE. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

For primary bibliographic entry see Field SB. 
W90-10350 


CHARACTERISTICS OF THE BACKGROUND 
AIR QUALITY. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

For primary bibliographic entry see Field 5B. 
W90-10351 


WET AND DRY DEPOSITION OF AIR POL- 
LUTANTS IN ALBERTA. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

For primary bibliographic entry see Field 5B. 
W90-10353 


ANTHROPOGENIC SOURCES OF ACIDIC 
AND ACIDIFYING AIR POLLUTANTS IN AL- 
BERTA. 

Western Research, Calgary (Alberta). 

For primary bibliographic entry see Field 5B. 
W90-10354 


SNOW COVER AND GLACIER VARIATIONS. 
For primary bibliographic entry see Field 2C. 
W90-10374 


FACTORS INFLUENCING THE QUALITY OF 
SNOW PRECIPITATION AND SNOW 
THROUGHFALL AT A SIERRA NEVADA 
SITE. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 

For primary bibliographic entry see Field 2C. 
W90-10456 
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PRECIPITATION MEASURED BY DUAL 
GAGES, WYOMING-SHIELDED GAGES, AND 
IN A FOREST OPENING. 

Rocky Mountain Forest and Range Experiment 
Station, Laramie, WY. Forestry Sciences Lab. 

D. L. Sturges. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 387-396, 5 fig, 
3 tab, 12 ref. 


Descriptors: *Cold regions, *Data acquisition, 
*Measuring instruments, ‘Precipitation gages, 
*Snow, Comparison studies, Precipitation, Rain 
gages, Wind velocity, Wyoming-shielded gages. 


Precipitation measured by dual gages and a Wyo- 
ming-shielded gage in exposed locations was com- 
pared to that measured in a nearby forest stand. 
The Wyoming gage was designed to be used in an 
exposed and windy environment. The shield pro- 
vided adequate protection from wind and rain, but 
not for snow. The Wyoming-shielded gage meas- 
ured 37% to 53% of actual precipitation between 
November and March, when air temperatures 
were well below freezing and monthly wind 
speeds were at a maximum. Analysis of individual 
snowfall events indicated that undermeasurement 
was directly related to wind speed. The precipita- 
tion deficit increased about 7% for each 1 meter 
per second increase in wind speed for storms with 
air temperatures below -2 C. Estimates of precipi- 
tation determined from dual gages were not statis- 
tically different from measurements in the forest 
stand in 8 to 12 months. (See also W90-10434) 
(Author’s abstract) 

W90-10478 


2C. Snow, Ice, and Frost 


PRECIPITATION RETRIEVAL OVER LAND 
AND OCEAN WITH THE SSM/1: IDENTIFICA- 
TION AND CHARACTERISTICS OF THE 
SCATTERING SIGNAL. 

National Aeronautics and Space Administration, 
Huntsville, AL. George C. Marshall Space Flight 
Center. 

For primary bibliographic entry see Field 7B. 
W90-09622 


EFFECT OF ANTECEDENT FREEZE-THAW 
FREQUENCY ON RUNOFF AND SOIL LOSS 
FROM FROZEN SOIL WITH AND WITHOUT 
SUBSOIL COMPACTION AND GROUND 
COVER. 
Agriculture Canada, Charlottetown 
Edward Island). Research Station. 

L. M. Edwards, and J. R. Burney. 

Canadian Journal of Soil Science CJSSAR, Vol. 
69, “i 4, p 799-811, November 1989. 5 fig, 3 tab, 
29 ref. 


(Prince 


Descriptors: *Freeze-thaw tests, *Prince Edward 
Island, *Runoff, *Soil erosion, Comparison studies, 
Erosion, Rye, Sediment yield, Simulated rainfall, 
se compaction, Soil conservation, Vegetation ef- 
ects. 


Three soils from Prince Edward Island (a loam, a 
fine sandy loam, and a sandy loam) were tested 
under a laboratory rainfall simulator to examine 
the effects of frequency of freezing and thawing, 
winter rye cover, incorporated cereal residue, and 
subsoil compaction on runoff volume and sediment 
loss. Wooden soil boxes were subjected to simulat- 
ed rain (1) at the end of a 10-day freezing period 
and (2) at the end of the Sth 24-hr freezing period 
of a 10-day alternating freeze-thaw cycle (freeze/ 
thaw). Where the soil was continuously frozen for 
10 days, there was 178% greater sediment loss and 
160% greater runoff than with daily freeze/thaw 
over the same period, but there was no difference 
in sediment concentration. Incorporated cereal res- 
idue decreased sediment loss to 50% and runoff to 
77% of that from bare soil. Winter rye cover 
decreased sediment loss to 73% of that from bare 
soil. Simulated soil compaction caused a 45% in- 
crease in sediment loss. The loam soil showed 
16.5% greater loss of fine sediment fractions 


<0.075 mm than the fine sandy loam which 
showed 23.4% greater loss than the sandy loam. 
(Author’s abstract) 

720 


BEHAVIOUR OF ALUMINUM SPECIES 
DURING SNOWMELT, BOTH DOWNSTREAM 
AND AFTER MIXING WITH 
WATERS. 

Bayreuth Univ. (Germany, F.R.). Lehrstuhl fuer 
Hydrologie. 

For primary bibliographic entry see Field 2K. 
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GLACIAL MELTWATER INPUT TO THE 
ALASKA COASTAL CURRENT: EVIDENCE 
FROM OXYGEN ISOTOPE MEASUREMENTS. 
Alaska Univ., Fairbanks. Inst. of Marine Science. 
G. W. Kipphut. 

Journal of Geophysical Research (C) Oceans 
JGRCEY, Vol. 95, No. 4, p 5177-5181, April 15, 
1990. 2 fig, 3 tab, 22 ref. NSF Grant OCE-8208306. 
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isotopes, Saline-freshwater interfaces, Water cur- 
rents. 


A study of the oxygen isotopic composition of 
coastal, pelagic, and fresh waters from the north- 
ern Gulf of Alaska region was undertaken to inves- 
tigate whether isotopic tracers could be of use in 
determining the important freshwater inputs to the 
Alaska Coastal Current (ACC) and whether they 
could confirm the presence of the ACC in coastal 
waters west of Kodiak Island. The Alaska Coastal 
Current, the major coastal circulation feature of 
the northern Gulf of Alaska, can be distinguished 
from oceanic waters on the basis of its lower 
salinity at least as far west as Kodiak Island. This 
study adds significantly to the small amount of 
oxygen isotopic information available for the 
waters of this region. The isotopic results suggest 
that in late summer, glacial meltwater may provide 
a substantial portion of the total freshwater runoff 
into the ACC, and that the ACC does extend as far 
to the west as Unimak Pass. (Author’s abstract) 
'W90-09789 


ORIGINS AND VARIATIONS OF NITRATE IN 
SOUTH POLAR PRECIPITATION. 

Laboratoire de Glaciologie et Geophysique de 
l'Environnement, Saint-Martin d’Heres (France). 
For primary bibliographic entry see Field 2A. 
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CONTRIBUTION TO THE SOURCES OF THE 
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Ministry of Agriculture, Haifa (Israel). Hydrologi- 

cal Service. 
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INTAKE DESIGN FOR ICE CONDITIONS. 
Cold Regions Research and Engineering Lab., 
Hanover, NH. 

For primary bibliographic entry see Field 8B. 
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NIQUES. 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Environmental Lab. 

For primary bibliographic entry see Field 2H. 
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ALTERNATIVE APPROACHES IN PREDICT- 
ING TROUT POPULATIONS FROM HABITAT 
IN STREAMS. 

Ontario Ministry of Natural Resources, Picton. 
Lake Ontario Fisheries Unit. 

For primary bibliographic entry see Field 81. 
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LABORATORY STUDY OF THE EFFICIENCY 
WITH WHICH AEROSOL PARTICLES ARE 
SCAVENGED BY SNOW FLAKES. 

Mainz Univ. (Germany, F.R.). Inst. of Meteorolo- 


gie. 

S. K. Mitra, U. Barth, and H. R. Pruppacher. 
Atmospheric Environment ATENBP, Vol. 24A, 
No. 5, p 1247-1254, 1990. 3 fig, 48 ref. West 
German Ministry for Research and Technology 
Project 325-4007-0704580, and German NSF 
Project SFB-233. 
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The current efficiency with which aerosol particles 
are collected by snow crystals and aggregates of 
snow crystals (snow flakes) was evaluated. In this 
evaluation recent experiments were incorporated 
and carried out with naturally as well as with 
laboratory grown snow flakes inside a large walk- 
in cold chamber. The evaluation shows that snow 
flakes are considerably more efficient in scaveng- 
ing aerosol particles than single snow crystals. This 
result is supported by recent wind tunnel studies 
on the uptake of supercooled drops by snow flakes, 
and by theoretical studies which attribute the high 
collection efficiency of snow flakes to a filtering 
effect involving the open mesh structure of snow 
flakes. This conclusion can be understood on the 
basis of an analysis of the available collection effi- 
ciencies of aerosol particles by single snow crystals 
and snow flakes in terms of the Stokes number. 
This analysis shows that scavenging of aerosol 
particles larger than 0.2 micrometer by snow crys- 
tals larger than 1 mm in diameter is controlled by 
inertial capture. This mechanism plays only a very 
minor role in the capture of aerosol particles by 
snow flakes. (Author’s abstract) 
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SEGREGATION POTENTIAL--PRESSURE--SA- 
LINITY RELATIONSHIPS NEAR THERMAL 
STEADY STATE FOR A CLAYEY SILT. 
Waterloo Univ. (Ontario). Dept. of Civil Engineer- 
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For primary bibliographic entry see Field 2G. 
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GEOCHEMISTRY OF SUBGLACIAL CAL- 
CITES: IMPLICATIONS FOR THE HYDROLO- 
GY OF THE BASAL WATER FILM. 

Cambridge Univ. (England). Dept. of Geography. 
M. Sharp, J. L. Tison, and G. Fierens. 

Arctic and Alpine Research ATLPAV, Vol. 22, 
No. 2, p 141-152, May 1990. 7 fig, 3 tab, 32 ref. 
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Three types of calcite precipitate are found in the 
proglacial area of the Glacier de Tsanfleuron, 
Switzerland. Sparite and micrite form part of an 
evolutionary series precipitated in response to 
solute concentration as a result of progressive 
freezing of the subglacial water film. Sparite forms 
under open-system conditions or during the early 
stages of freezing under closed-system conditions, 
while micrite forms during the final stages of 
closed-system freezing. Sparite has a gamma-18-O 
composition which is heavier than that of micrite, 
higher Ca/Sr and Ca/Mg ratios, and a lower impu- 
rity content. Micrite is precipitated from water 
which is more supersaturated with respect to cal- 
cite than that from which sparite is precipitated. At 
times when precipitates are forming, film flow is 
dominated by basally produced waters which are 
richer in 18-O than glacier ice as a result of selec- 
tive drainage of 16-O-rich residual waters into the 
main linked-cavity drainage system beneath the 
glacier. Compositional characteristics of the subg- 
lacial calcites indicate that neither type of precipi- 
tate could form if the film was transporting large 
volumes of water derived from bulk glacier ice. 
The origin of white deposits is less well under- 





stood. They have a pustular morphology reminis- 
cent of some bacterial calcites and some samples 
display unusually heavy gamma-13-C values. 
These could be explained by precipitation of cal- 
cite in equilibrium with atmospheric CO2 or as a 
result of fractionation due to photosynthetic re- 
moval of 12-C from the water by cyanobacteria. In 
either case, formation in submarginal cavities 
where there is free access to light and to the 
atmosphere may be favored. (Author’s abstract) 
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COMPARISON OF MELT ENERGY COMPU- 
TATIONS AND ABLATOMETER MEASURE- 
MENTS ON MELTING ICE AND SNOW. 
Cooperative Inst. for Research in Environmental 
Science, Boulder, CO. 

D. S. Munro. 

Arctic and Alpine Research ATLPAV, Vol. 22, 
No. 2, p 153-162, May 1990. 6 fig, 2 tab, 30 ref. 
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Micrometeorological techniques were used to 
compute hourly melt energy for ablating ice and 
snow surfaces on Peyto Glacier, Alberta, Canada. 
The computations were compared with measure- 
ments taken from electronic ablatometers which 
directly monitored surface lowering. Agreement 
between daily totals obtained from the two meth- 
ods was found to be excellent for ice and reason- 
ably good for snow. Hourly differences between 
computed and measured values tended to exhibit a 
diurnal pattern wherein ablation lags the energy 
input to the surface. Thus the delay in runoff from 
melting ice and snow is linked to diurnal changes 
in surface water storage. (Author’s abstract) 
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AIRBORNE DISCRIMINATION BETWEEN 
ICE AND WATER: APPLICATION TO THE 
LASER MEASUREMENT OF CHLOROPHYLL- 
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National Aeronautics and Space Administration, 
Wallops Island, VA. Wallops Flight Center. 
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Remote Sensing of the Environment RSEEA7, 
Vol. 30, No. 1, p 67-76, 1989. 4 fig, 27 ref. 
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The concurrent active-passive measurement capa- 
bilities of the NASA Airborne Oceanographic 
Lidar were used to discriminate between ice and 
water in a large ice field within the Greenland Sea, 
and to achieve the detection and measurement of 
chlorophyll-in-water by laser-induced and water- 
raman-normalized pigment fluorescence. Passive 
upwelled radiances from sea ice are significantly 
stronger than those from the neighboring water, 
even when the optical receiver field-of-view is 
only partially filled with ice. Thus, weaker passive 
upwelled radiances, together with concurrently ac- 
quired laser-induced spectra, can confidently be 
assigned to the intervening water column. The 
laser-induced spectrum can then be processed 
using previously established methods to measure 
the chlorophyll-in-water concentration. Significant 
phytoplankton patchiness and elevated chlorophyll 
concentrations were found within the waters of the 
melting ice compared to ice-free regions just out- 
side the ice field. (Author’s abstract) 
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METHOD FOR MEASURING SNOW DEPTH 
USING FINE-RESOLUTION RADARS. 

Kansas Univ., Lawrence. Center for Research. 

G. T. Lei, R. K. Moore, and S. P. Gogineni. 
Remote Sensing of the Environment RSEEA7, 
Vol. 30, No. 2, p 151-158, 1989. 4 fig, 5 tab, 8 ref. 
U.S. Office of Naval Research Contract N00014- 
85-K-0200. 
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A new method for determining snow depth over a 
horizontal surface uses the fading statistics for a 
radar that has excess range bandwidth. The 
number of independent samples per measurement 
with such a radar depends on the depth of the 
snow contributing to volume scatter. With deeper 
snow, and thus more volume scatter, the variance 
of the signals is reduced. Thus, the variance may 
be used to estimate the snow depth. Dry snow is 
required so that the volume scatter from within is 
not attenuated significantly. The radar used must 
have a bandwidth considerably greater than that 
required for the range resolution used, and could 
be deployed on a helicopter or low-flying aircraft, 
as well as on a sled. The method was tested using a 
wide-band beam-limited FMCW scatterometer 
mounted on a sled pulled over snow-covered sea 
ice at Mould Bay, Northwest Territories, Canada 
in the spring of 1983. Although only a single test 
was possible, the results indicate the validity of the 
method. (Author’s abstract) 
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SNOW COVER AND GLACIER VARIATIONS. 
Proceedings of a Symposium held in Baltimore, 
Maryland, May 10-19, 1989. [AHS Publication No. 
183. International Association of Hydrological Sci- 
ences, Washington, DC. 1989. 1llp. Edited by 
Samuel C. Colbeck. 


Descriptors: *Glaciers, *Glaciology, *Ice, *Paleo- 
climatology, *Snow cover, *Snow surveys, *Sym- 
posium, *Time series analysis, Baseline studies, 
Canada, China, Glacial drift, Glacier mass balance, 
Runoff, USSR, United States. 


The International Commission on Snow and Ice of 
the International Association of Hydrological Sci- 
ences has long supported the use of ice cores from 
ice sheets for establishing paleoclimatic and other 
environmental records. The goal of this symposi- 
um was to concentrate on the use of time-series 
analysis for understanding these important records. 
From China, snow cover records for thirty years 
and recent variations in 178 glaciers are presented. 
These are complemented by paleoglacier studies in 
the Tien Shan of the U.S.S.R. and Mount Logan of 
Canada. Twenty years of data are analyzed for 
glaciers from the American northwest and for two 
sites in China. In addition, 22 glaciers in China are 
classified according to their climatic influences. A 
large amount of information has been gained about 
snow and ice’s response to climatic developments. 
Also included are items that deal with smaller scale 
problems, such as water flow through snow, mass 
balance, and water runoff. (See W90-10375 thru 
W90-10387) (Agostine-PTT) 
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RECENT TRENDS AND REGIONAL DIFFER- 
ENTIATION OF SNOW VARIATION IN 
CHINA. 
Academia Sinica, Lanzhou (China). Lanzhou Inst. 
¢ eed and Geocryology. 

. Li. 
IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. IAHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. 8 fig, 10 ref. National 
Science Foundation of China Grant 4880019. 
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veys, *Time series analysis, Air pollution effects, 
El Nino/Southern Oscillation, Global patterns, 
Seasonal variation, Spatial: variation, Temperature 
effects, Volcanoes. 


Daily snow cover data based on complete records 
from more than 2300 ground stations were used to 
create a long-term data base of snowfall, snow 
depth and snow cover duration on a regional scale. 
The recent trends and regional differentiation of 
snow variation in China are then analyzed: The 
time series analysis over the past 30 years shows 
that the annual snowfall amount, as well as the 
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winter cumulative snow depth, is positively corre- 
lated with the global mean temperature, increasing 
during warming periods and decreasing during 
cooling periods. A synchroncus relationship exists 
between a global pattern of oceanic and atmos- 
pheric anomalies and snow mass fluctuation. At 
the same time, the year to year variation in snow 
mass seems to be generally out of phase with 
volcanic activity. The winters with heavier than 
normal snowfall appear to be associated with the 
El Nino/Southern Oscillation, having a correlation 
coefficient of 0.63; the winters with lighter than 
normal snow are associated with the large volcanic 
eruptions. A comparison of the trends of snow 
fluctuation among regions seems to show that 
CO2-induced changes in seasonal snow is aggra- 
vating the regional differentiation between high 
mountains and low lands as well as between moist 
and arid areas. (See also W90-10374) (Agostine- 
PIT 
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MATHEMATICAL MODEL OF SNOWMELT 
AND WATER PERCOLATION PROCESSES IN 
SNOW AND FIRN. 

Moscow State Univ. (USSR). 
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IN: Snow Cover and Glacier Variations. Proceed- 
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national Association of Hydrological Sciences, 
Washington, DC. 1989. 5 fig, 12 ref. 
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Melting and water percolation in snow or glacier 
firn was studied. In particular, the influence of heat 
exchange between ice and water on the thermal 
regime and structure of the firn was considered. A 
mathematical model was constructed and tested 
using data from two climatic regions, Spitsbergen 
(representative of polar ice sheets) and the Cauca- 
sus (representative of glaciers in moderate lati- 
tudes). The numerical results show that the forma- 
tion of an internal ice layer is possible in firn at 
high latitudes. The main observed features of the 
thermal physics of firn are well explained by the 
model. The total volume of freezing is weakly 
dependent on grain size whereas the runoff is 
strongly influenced by grain size. The observed 
temperature profiles in firn on the Amundsen pla- 
teau (Spitsbergen) agree with theoretical calcula- 
tions: The numerical experiments suggest the heat- 
ing of the lower firn layers due to percolation of 
melting water may occur in subpolar regions. (See 
also W90-10374) (Author’s abstract) 
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At the test site of Weissfluhjoch in the Swiss Alps, 
2540 m above sea level, hourly snowmelt rates 
were computed for an entire snowmelt season, 
which lasted from 9 May to 15 July 1985. Snow- 
pack discharge was continuously measured using a 
snow lysimeter. The liquid water content in the 
snow was estimated from the difference between 
the total snowmelt and the lysimeter outflow. The 
periodic measurements of the water equivalent of 
the snowpack and continuous measurements of 
precipitation were used to verify the computed 
snowmelt amounts from the start to the end of the 
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ablation period. It was concluded that the total 
liquid water content of the snow cover can be 
evaluated as the difference between the computed 
liquid input and the measured outflow. The com- 
puted input rates can be used for studies of the 
water movement in the snow cover. Direct meas- 
urements of the liquid water content in the snow 
should improve estimates of the nightly refreezing 
of meltwater, which appears to be a significant 
factor in alpine conditions. (See also W90-10374) 
(Agostine-PTT) 
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ANALYSIS AND ESTIMATION OF RUNOFF 
IN THE BINGGOU BASIN OF THE QILIAN 
MOUNTAINS. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2E. 
W90-10379 


RECENT VARIATIONS OF GLACIERS AND 
THE INFLUENCE OF CLIMATE AND GLA- 
CIER FLUCTUATIONS ON RUNOFF IN 
CHINA. 
Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

Wang. 
IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. [AHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. p 45-52. 6 tab, 11 ref. 
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Statistics of the variations of 178 glaciers in China 
are given. For each glacier, a value of glacier 
advance and retreat relative to glacier length is 
calculated. The variation in Chinese glaciers can 
be described as follows. In the late 1950s and early 
1960s, Chinese glaciers retreated severely; thereaf- 
ter, the retreat gradually slowed, and it was mini- 
mal in the late 1970s. In the early 1980s (until 
1985), the retreat began again. The fluctuations of 
Chinese glaciers in the 1970s were mainly charac- 
terized by the reduction of retreat speed, unlike in 
the Alps (Switzerland), where the proportion of 
advancing glaciers increased greatly in this period. 
The patterns of glacier advance and retreat are 
both temporally varied and differ from area to 
area. Glacier retreat affects the runoff of rivers 
supplied by meltwater by reducing the meltwater 
amount; this influence of glaciers on discharge 
varies with the amount of glacierization in the 
drainage basin. All analyses show that for rivers 
carrying larger proportions of meltwater, the 
runoff increases as climate warms and becomes 
drier. (See also W90-10374) (Agostine-PTT) 
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The combination of a definite system and a sto- 
chastic system can be used to explain the formation 
mechanisms of glacier melt runoff processes. This 
combination can form a new synthetic system of 
analytical methods, and make analysis of both the 
physical causes of the glacier melt processes and 
mathematical methods deeper and more rational. 
The processes creating the daily mean discharge of 
a melting glacier could be regarded as the combi- 
nation of two systems, one indicating the air tem- 
perature influence and the other reflecting the 
stochasticity of a time series. A model was created 
to describe this which consisted of a multivariable 
regression model with temperature as its variable 
and an autoregression model. There is significant 
correlation between the simulated series and an 
observational series, where the degree of confi- 
dence is a = 0.01. During July and August, the 
mean simulation error was plus or minus 20%. (See 
also W90-10374) (Author’s abstract) 
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A 102.5 m mechanically continuous firn and ice 
core sequence retrieved from the Northwest Col of 
Mt. Logan (latitude 60 degrees 35 min W; site 
location 5340 m above sea level) in the Yukon 
Territory, Canada, has been analyzed continuously 
for stable isotopes, pH and liquid electrolytic con- 
ductivity. Specific sections of the core have been 
analyzed for total beta-activity (0-22 m) and trace 
ion concentrations (across major volcanic events) 
in order to date the core. In the lower half of the 
core, nitrate and some other ionic species are used 
to identify annual increments except between AD 
1693 and AD 1720 and between AD 1729 and AD 
1735 where only average annual increments are 
given. Annual increments were converted to water 
equivalents, then corrected for ice flow thinning as 
well as for origin, since a significant net accumula- 
tion gradient exists across the borehole site. The 
time series was subjected to cross correlation anal- 
yses, using a 250-year sequence. The preliminary 
results show that there is significant coherence 
between the last one-third of the series and instru- 
mental precipitation time series for other specific 
regions of the northern hemisphere. This result is 
meaningful, provided the phenomenon of telecon- 
nections is accepted. Spectral analyses indicate the 
presence of three main frequencies in the series 
that correspond to periods of about 3.8 years, 
about 11 years and about 21 years. Two of these 
periods may be associated with physical phenom- 
ena and the sunspot cycle. The third is not immedi- 
ately resolvable on the basis of these results, and 
current knowledge. These collective results sug- 
gest that the precipitation on Mt. Logan is modu- 
lated in part by physical processes that also affect 
precipitation elsewhere in the northern hemi- 
sphere. (See also W90-10374) (Agostine-PTT) 
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The common research method of measuring the 
diameters of one representative lichen species was 
found to be ineffective in the continental condi- 
tions of the Tien Shan Mountains in China, due to 
the scarcity of lichens and the absence of a single 
indicator species for the entire time-space range. 
For this reason several lichen taxons were used to 
provide partial overlapping of dating. Lichenome- 
trical studies of moraines show that lichen size 
varies with the age of the substrate and its geo- 
graphical position in various parts of the Tien Shan 
Mountains. The maximum diameters of lichens 
were measured. The year of each moraine surface 
was identified from the largest lichen if it was 
statistically comparable with the other four largest 
lichens of the same species. The results of the 
study show that the Tien Shan glaciers advanced 
in the first half of the 19th, the end of the 18th, the 
end of the 17th to the beginning of the 18th, the 
second half of the 16th, the end of the 14th to the 
beginning of the 15th, and the middle of the 13th 
centuries, and in the end of the first millennium 
AD. These intervals are revealed by unfavorable 
conditions for tree growth at the upper timber-line 
by means of dendroclimatic analysis. It was deter- 
mined that during the iast 2000 years, the advance 
ranges of glaciers tongues were almost equal and 
the ice did not exceed 100 m in height. (See also 
W90-10374) (Agostine-PTT) 

W90-10384 


EQUILIBRIUM STATE OF A GLACIER IN 
CHINA AS CALCULATED FROM ITS 
PRESENT CHARACTERISTICS. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

M. Cao. 

IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. IAHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. p 89-94. 1 fig, 3 tab, 7 ref. 


Descriptors: *China, *Glacier mass balance, *Gla- 
ciers, *Glaciohydrology, *Glaciology, *Ice thick- 
ness, Equilibrium state, Snowmelt, Statistical anal- 
ysis, Topographic mapping. 


The equilibrium or datum state of Glacier No. 1 
above the headwaters of the Urumqi River, Tian 
Shan, China, has been calculated, based on the 
distribution of net mass balance measured for the 
period 1959-1982. Based on a glacial topographic 
map made in 1980, the annual surface velocity 
measured between May 1980 and May 1981, and 
the ice thickness data measured by radio-echo 
sounding, a statistical relationship has been found 
among average flux per unit glacial width, average 
ice thickness and surface slope in cross glacier 
sections. If the distribution of net mass balance 
remains unchanged, an equilibrium longitudinal 
section can be calculated using a simple method. 
Glacier No. 1 may be separated into two glaciers 
that have volumes and areas of 60.5 and 83.6% of 
those of 1980 respectively. They could supply 
780,000 cu m of water to the Urumqi River each 
year, which equals 83.4% of the annual glacier 
water for 1959-1983. (See also W90-10374) (Au- 
thor’s abstract) 

W90-10385 


TIME-SERIES ANALYSIS OF MASS BALANCE 
AND LOCAL CLIMATIC RECORDS FROM 





¢ 


FOUR NORTHWESTERN NORTH AMERICAN 
GLACIERS. 

Maine Univ. at Orono. Dept. of Geological Sci- 
ences. 

M. S. Pelto. 

IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. IAHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
_ DC. 1989. p 95-102. 6 fig, 1 tab, 14 
ref. 


Descriptors: *Climatic data, *Glacier mass bal- 
ance, *Glaciers, *Glaciology, *North America, 
*Time series analysis, Ablation, Alaska, British Co- 
lumbia, Geography, Precipitation, Temperature ef- 
= Topography, Washington, Weather data col- 
lections. 


Four glaciers located in the Coast Ranges of 
Washington, British Columbia and Alaska were 
studied to examine the temporal mass balance 
records and explain observed interrelationships 
using climatic records. The surface mass balance of 
a glacier is almost solely determined by climate. 
Every glacier has a different sensitivity to climate 
that is determined by a glacier’s geographic loca- 
tion and topographic position. A glacier’s sensitivi- 
ty is identified by comparison of local weather 
records and mass balance. In order to quantify the 
climatic sensitivity of each glacier, the mass bal- 
ance record of each glacier is related to the two 
primary climate factors determining mass balance: 
accumulation season precipitation and ablation 
season temperature. Results indicate that accumu- 
lation season precipitation is the dominant control 
of mass balance for each of these glaciers. There is 
an inverse relationship between accumulation 
season (October-April) precipitation in northwest- 
ern Washington-southwestern British Columbia 
and southeast Alaska-northwest British Columbia. 
This relationship causes a weak inverse relation- 
ship in annual balance between glaciers in the two 
regions. (See also W90-10374) (Agostine-PTT) 
W90-10386 


NUMERICAL CLASSIFICATION OF GLA- 
CIERS IN CHINA BY MEANS OF GLACIOLO- 
GICAL INDICES AT THE EQUILIBRIUM 


Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

Z. Lai, and M. Huang. 

IN: Snow Cover Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. [AHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
on DC. 1989. p 103-111. 2 fig, 4 tab, 14 
ref. 


Descriptors: *China, *Glacier classification, *Gla- 
ciers, *Glaciology, Air temperature, Cluster analy- 
sis, Glacier equilibrium line, Numerical analysis, 
Precipitation. 


A new principle of glacier classification is suggest- 
ed, in which glaciers are classified by means of 
glaciological indices at the equilibrium line. the 
indices used are the mean annual air temperature, 
the mean air temperature in summer, the annual 
precipitation, the ice temperature at the lower- 
bound of the active layer and a parameter of flow 
velocity. A fuzzy cluster analysis is conducted on 
18 glaciers, then verified by stepwise discriminato- 
ry analysis, and consequently three former indices 
are selected as dominant factors. Four additional 
glaciers, for which the three indices are available, 
are subjected to the analysis. As a result, 22 gla- 
ciers in China are classified into polar, continental 
and maritime types. (See also W90-10374) (Au- 
thor’s abstract) 

W90-10387 


PROCEEDINGS OF THE SYMPOSIUM: COLD 
REGIONS HYDROLOGY. 

University of Alaska-Fairbanks, Fairbanks, Alaska. 
American Water Resources Association, Bethesda, 
Maryland. 1986. 612p. Edited by Douglas L. Kane. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Glaciohydrology, *Hydrology, *Symposi- 


um, Ablation, Hydrologic cycle, Hydrologic data, 
Ice, Lakes, River ice, Runoff, Sedimentation, 
Snowmelt. 


Researchers and practitioners in hydrology and 
closely related fields gathered at this symposium to 
consider hydrologic problems and present individ- 
ual interests. Presentations were made from repre- 
sentatives of a large number of countries including: 
Austria, Denmark, Canada, England, Finland, Ice- 
land, Japan, Norway, Sweden, USA and the 
USSR. A review of present hydrologic data re- 
veals that most northern countries have very 
sparse networks for data collection. Several ses- 
sions were held which generally followed the logi- 
cal divisions of the hydrologic cycle. Watershed 
input is covered in a session on Precipitation- 
Snowpack-Soil Processes. Along these same lines, 
glaciers that act as storage reservoirs during the 
winter and provide meltwater for runoff in the 
summer are included in the session on Glacier 
Hydrology. The importance of ablation and the 
conversion to runoff in the hydrologic cycle of 
cold regions are highlighted by a session on Snow- 
melt Runoff. Channel processes associated with 
sedimentation and ice are presented in one session 
on Channel Hydraulics and Morphology, and two 
sessions on River Ice Hydraulics. Surface storage 
in water bodies and associated processes are dis- 
cussed in a session on Reservoir and Lake Level 
Processes. In the field of environmental hydrology, 
one session is devoted to Water Quality. (See W90- 
10435 thru W90-10468) (Lantz-PTT) 

W90-10434 


RESERVOIR OPERATIONS PLANNING IN 
SNOWMELT RUNOFF REGIMES BASED ON 
SIMPLE RULE CURVES. 

Soil Conservation Service, Portland, OR. 

For primary bibliographic entry see Field 4A. 
W90-10436 


SHORT-WAVE HEATING OF LAKE SURFACE 

WATER UNDER A CANDLED ICE COVER. 

Alaska Univ., Fairbanks. Geophysical Inst. 

J. P. Gosink, and J. D. LaPerriere. 

IN: Proceedings of the Symposium: Cold Regions 

Hydrology. University of Alaska-Fairbanks, Fair- 
Alaska. American Water Resources Asso- 

ciation, Bethesda, Maryland. 1986. p 31-38, 2 fig, 1 

tab, 20 ref. Dept of the Army Contract DAAG29- 

85-K-0260. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Convection, *Hydrothermal studies, *Ice, 
*Ice breakup, *Melting, *Oxygenation, *Radiation, 
Heat transfer, Lake ice, Reoxygenation, Short- 
wave radiation. 


During spring, as the snow covering the lakes and 
rivers begins to melt from a positive surface heat 
balance, meltwater percolates through microcracks 
in the ice, initiating vertical channels through the 
ice. The ice develops into a porous fabric, known 
as candled ice, which is characterized by — 
packed vertical ‘candles’ of ice interspersed with 

channels of meltwater. Candled ice is transparent 
to short wave radiation with optical extinction 
coefficients approaching those found in the lake 
water. The results of a one dimensional heat bal- 
ance study of the near surfaced water below this 
candled ice, during spring 1974, on Harding Lake, 
is presented in this article. Short-wave radiation 
penetration through a candled ice cover has the 
potential to raise the near ice water temperature 
above the temperature of maximum density. The 
resultant density excess induced an instability with 
downward gravitational convective velocity. Den- 
sity differences due to the measured salinity differ- 
ence between lake water and melt water were 
negligible. However, the calculated Raleigh num- 
bers for both conductive heat transfer and internal 
radiative heating were sufficiently high to insure 
convective instability of the near-ice water. The 
appropriate convective velocity below the ice 
cover appears to be a small fraction of the Monin- 
Oboukhov velocity at a free surface. Apparently, 
the ice-water interface acts to decrease the expect- 
ed motion. A new and previously unpublished 
solution of the heat transport equation with a heat 
source is presented in this article. Measured tem- 
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peratures at Harding Lake under the ice cover 
indicate agreement with the calculated tempera- 
tures, verifying the assumptions of weak convec- 
tive instability under the ice cover and the penetra- 
tion of radiative heating below the ice. (See also 
wae (Lantz-PTT) 

W90-10438 


WATERSHED TEST OF SNOW FENCE TO IN- 
CREASE STREAMFLOW: P ARY RE- 
SULTS. 


Rocky Mountain Forest and Range Experiment 
Station, Laramie, WY. Forestry Sciences Lab. 

For primary bibliographic entry see Field 4A. 
W90-10440 


ICE JAM FLOODING - EVOLUTION OF NEW 
YORK STATE’S INVOLVEMENT. 

New York State Dept. of Environmental Conser- 
vation, Albany. 

For primary bibliographic entry see Field 6F. 
W90-10443 


SEASONAL SNOW AND AUFEIS IN ALASKA’S 

TAIGA, 

Pacific Northwest Forest and Range Experiment 

Station, College, AK. Inst. of Northern Forestry. 

C. W. Slaughter, and C. S. Benson. 

IN: Proceedings of the Symposium: Cold Regions 

Hydrology. University of Alaska-Fairbanks, Fair- 
, Alaska. American Water Resources Asso- 

a" Bethesda, Maryland. 1986. p 101-109, 3 fig, 

ref. 


Descriptors: *Alaska, *Aufeis, *Cold regions, 
*Cold regions hydrology, *Ice formation, *Snow, 
Arctic zone, Hydrologic regime, Ice, Snowmelt, 
Snowpack, Stream channels, Streamflow, Subarc- 
tic. 


The unglaciated Taiga of central Alaska is subject 
to seasonal snow and ice for 6 to 8 months of every 
year. Snow and ice play a major role in hydrologic 
regime. A typical taiga snowpack is less than 100 
cm in depth, has a mean density at deposition of 
0.05 to 0.10 g/cu cm, and mean ripe density at time 
of spring snowmelt of less than 0.30 g/cu cm. Low 
snowpack density (the result of intensive depth 
hoar formation in response to very steep vapor 
pressure gradients from base to surface of pack 
during the entire winter) contrasts with high-densi- 
ty (0.40 g/cu cm) tundra snow at wind-affected 
taiga sites and in the high Arctic. Aufeis can 
occupy major sectors of stream channels and 
floodplains, and modifies hydrologic regime by 
temporary storage of groundwater (winter base- 
flow) and release of that water to streamflow after 
the snowmelt season. (See also W90-10434) (Au- 
thor’s abstract) 

W90-10445 


DEVELOPMENT AND USE OF ‘HOT-WIRE’ 
AND CONDUCTIVITY TYPE ICE MEASURE- 
MENT GAUGES FOR DETERMINATION OF 
ICE THICKNESS IN ARCTIC RIVERS. 

Inuvik Research Centre (Northwest Territories). 
For primary bibliographic entry see Field 7B. 
W90-10447 


TROPHIC LEVEL RESPONSES TO GLACIAL 
MELTWATER INTRUSION IN ALASKAN 


LAKES. 
—_ Dept. of Fish and Game, Juneau. FRED 


Por, greeny bibliographic entry see Field 2H. 
W90-104 


FACTORS INFLUENCING THE QUALITY OF 
SNOW PRECIPITATION AND SNOW 
THROUGHFALL AT A SIERRA NEVADA 
SITE. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 

S. Woo, and N. Berg. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
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banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 201-209, 1 fig, 
5 tab, 32 ref. 


Descriptors: *Acid rain, *Cold regions, *Cold re- 
gions hydrology, *Hydrogen ion concentration, 
*Lake Tahoe, *Path of pollutants, *Precipitation, 
*Regression analysis, *Sierra Nevada Mountains, 
*Snow, Calcium, California, Chemical analysis, 
Chlorides, Fir trees, Pine trees, Statistical analysis, 
Sulfates. 


Regression analysis showed precipitation type, 
(rain, snow, mixed rain and snow, hail/graupel) 
and latitudinal storm path to be important factors 
influencing both precipitation, conductivity and 
nitrate solute concentrations at a subalpine site 
near Lake Tahoe, California. Weaker relationships 
existed between both precipitation type and pre- 
cipitation pH and sulfate solute concentration. 
Storm duration, interstorm period, and precipita- 
tion amount and intensity were relatively unimpor- 
tant explanatory variables. Vegetative influence on 
snow throughfall under forest canopy was mini- 
mal, compared to unaffected precipitation. Solute 
concentrations of H, SO4, Cl, and Ca in snow drip 
from two major conifers, lodgepole fir and red fir, 
were generally greater than precipitation in an 
open site. Contrary to studies in rain-dominated 
environments, snow drip chemistries between fir 
and pine were statistically different only for CA. 
(See also W90-10434) (Author’s abstract) 
W90-10456 


THAWING OF GROUND FROST ON A 
AND UNDRAINED BOREAL WET- 


Alberta Univ., Edmonton. Dept. of Forest Science. 

L. E. Swanson, and R. L. Rothwell. 

IN: Proceedings of the Symposium: Cold Regions 

Hydrology. University of Alaska-Fairbanks, Fair- 
Alaska. American Water Resources Asso- 

ciation, Bethesda, Maryland. 1986. p 231-236, 5 fig, 

1 tab, 13 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Forest watersheds, *Frost, *Frozen ground, 
*Thawing, *Wetlands, Alberta, Canada, Freeze- 
thaw tests, Hydraulic conductivity, Slave Lake, 
Soil water. 


A study of ground frost levels in a drained and 
undrained boreal wetland site near Slave Lake, 
Alberta showed significant delay of thaw as well as 
lower temperatures at 40 and 60 cm depths in the 
drained area. The undrained area froze to greater 
depths than the drained area but thawed more 
rapidly. In the lower hydraulic conductivity por- 
tion of the drained area, 16.7% of the sample 
points retained ice throughout the summer and 
were still frozen at the time of ground re-freezing 
in the fall. Thickness of the frozen layer appeared 
to be related to hydraulic conductivity as well as 
drainage. Thawing from underneath the frozen 
layer accounted for 38% of the total thaw in the 
undrained areas. (See also W90-10434) (Author’s 
abstract) 

W90-10459 


PROBABILITY DISTRIBUTIONS OF RAIN ON 
SEASONALLY FROZEN SOILS. 

Agricultural Research Service, Pendleton, OR. 
Columbia Plateau Conservation Research Center. 
For primary bibliographic entry see Field 7C. 
W90-10460 


DISCHARGE UNDER AN ICE COVER. 
Michigan Technological Univ., Houghton. Dept. 
of Civil Engineering. 

For primary bibliographic entry see Field 7B. 
W90- 10464 


WATER BALANCE AND RUNOFF ANALYSIS 
AT A SMALL WATERSHED DURING THE 
SNOW-MELTING SEASON. 

Hokkaido Univ., Sapporo (Japan). Inst. of Low 
Temperature Science. 

H. Motoyama, D. Kobayashi, and K. Kojima. 

IN: Proceedings of the Symposium: Cold Regions 


Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 297-304, 11 
fig, 3 tab, 6 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Hydrologic budget, *Hydrologic models, 
*Runoff, *Snowmelt, Evaporation, Model studies, 
Precipitation, Rainfall-runoff relationships, Season- 
al variation, Simulation analysis. 


The amount of snow water equivalent, the snow 
melting rate and the stream discharge were meas- 
ured at a small watershed (11.2 km) during four 
snowmelting seasons. Water balance and runoff 
analysis were made on the basis of hydrological 
observations. Some important characteristics of the 
water balance were found as follows: (1) 90% of 
the snowmelt in the watershed ran off in both 
heavy and light snow seasons; (2) the amount of 
evaporation was estimated to be less than 1% of 
the total amount of snowmelt; (3) in the middle of 
the snowmelting season, the several days accumu- 
lated snowmelt amount equaled the snowmelt 
runoff without a change of groundwater storage in 
the watershed. The simulation of daily snowmelt 
runoff was successful by using the same runoff 
model for three years. A tank model was used to 
calculate the runoff process. The simulation of 
daily snowmelt runoff was successful for the three 
year period without changing the tank structure. 
(See also W90-10434) (Author’s abstract) 
W90-10467 


ESTIMATIONS OF SNOWMELTING RATE IN 
A SMALL EXPERIMENTAL SITE. 

Hokkaido Univ., Sapporo (Japan). Inst. of Low 
Temperature Science. 

N. Ishikawa, H. Motoyama, and K. Kojima. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
b Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 305-312, 10 
fig, 18 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Data interpretation, *Flow rates, *Heat bal- 
ance, *Meteorology, *Rainfall-runoff relationships, 
*Snowmelt, Air temperature, Hydrometeorology, 
Melting, Percolation, Snow cover. 


Estimations of hourly and daily snowmelt were 
achieved by using the heat balance method and 
bulk meteorological parameters at a small experi- 
mental site. The results were compared with actual 
snowmelt and runoff amounts. Snowmelt was cal- 
culated by a simple heat-balance equation using net 
radiation as a factor. Actual variations of snowmelt 
over short and long-term periods of time was 
accomplished by this method. Hourly variations of 
snowmelt could not be predicted by using simple 
formulae containing the variable of air temperature 
only. However, daily variations could be explained 
by the daily mean and maximum air temperatures, 
in which the lower limit of snowmelt occurrence 
was obtained. During the intensive snowmelt 
season the predominant percolation velocities of 
snowmelt water were measured to be 0.25-0.45 
cm/min, which implies that a large lag time of 3 to 
4 hours was required for melting water to reach 
the bottom of a 60-80 cm snow cover. The lag time 
depended on the snowmelt intensity of the surface 
and the depth of the snow. (See also W90-10434) 
(Lantz- 

W90-10468 


EFFECTS OF SEASONALLY FROZEN 
GROUND IN SNOWMELT MODELING. 

Norsk Hydroteknisk Lab., Trondheim. 

For primary bibliographic entry see Field 2E. 
W90-10470 


SOME ASPECTS OF GLACIER HYDROLOGY 
IN THE UPPER SUSITNA AND MACLAREN 
RIVER BASINS, ALASKA, 

Alaska Univ., Fairbanks. Geophysical Inst. 

T. S. Clarke, D. Johnson, and W. O. Harrison. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 


ciation, Bethesda, Maryland. 1986. p 329-337, 4 fig, 
3 tab, 22 ref. 


Descriptors: *Alaska, *Glacier surges, *Glaciers, 
*Glaciohydrology, *Susitna River, Cold regions, 
Glacier balance, Gold Creek, Headwaters, Hydro- 
logic budget, Maclaren Glacier, Precipitation, 
Sedimentation, Snowmelt, Watana Reservoir. 


Proposed hydroelectric development on the Su- 
sitna River, Alaska, has raised interest in the gla- 
ciers that form its headwaters. Three separate as- 
pects of the hydrology of these glaciers are ad- 
dressed: (1) long-term glacier shrinkage, which 
releases water that is not renewable in the normal 
sense, appears to have produced 3-4% of the total 
Susitna River flow above the Gold Creek gauge 
site since stream gauging began; (2) the major 
glaciers of the basin are surge type and have the 
potential to produce, within a few months, up to 30 
times the estimated annual sediment input into the 
proposed Watana Reservoir. The next surge of one 
of the glaciers, Susitna, is predicted in the first 
decade of the next century; and (3) winter precipi- 
tation varies by a factor of two among the glaciers 
with the Maclaren glacier receiving the most. (See 
also W90-10434) (Author’s abstract) 

W90-10471 


REGIONAL DISTRIBUTION 

ICINGS IN ALASKA. 

Alaska Univ., Fairbanks. Geophysical Inst. 

K. G. Dean. 

IN: Proceedings of the Symposium: Cold Regions 

Hydrology. University of Alaska-Fairbanks, Fair- 
aska. American Water Resources Asso- 

per Bethesda, Maryland. 1986. p 339-344, 4 fig, 

17 ref. 


OF STREAM 


Descriptors: *Alaska, *Cold regions, *Ice cover, 
*Ice formation, *River ice, *Stream icings, Braided 
streams, Brooks Mountains, Landsat imagery, 
Maps, Mountains, Stream discharge. 


Stream icing zones in mainland Alaska were 
mapped based on analysis of multi-date Landsat 
imagery. Mapped features include late winter over- 
flow, residual ice-sheets, and braided streams possi- 
bly susceptible to icings. Results of the 1:250,000 
scale mapping were generalized and the regional 
distribution of icings displayed. Almost all icings 
occur in or near upland or mountainous terrains. 
The Brooks Range and northeastern Alaska have 
the largest and greatest number of occurrences. 
The number and size of icings generally decrease 
to the south except in the vicinity of the Alaska 
Range. In northern Alaska many icings develop 
east of the Colville River, but few to the west. The 
difference appears to be related to the availability 
of freshwater. In interior Alaska occurrences are 
numerous but small and are restricted to tributary 
stream channels. (See also W90-10434) (Author’s 
abstract) 

W90-10472 


ESTIMATION OF GLACIER MELTWATER 
HYDROGRAPHS. 

Alaska Univ., Fairbanks. Inst. of Northern Engi- 
neering. 

For primary bibliographic entry see Field 7C. 
W90-10473 


SNOW SURFACE STRENGTH AND THE EFFI- 

CIENCY OF RELOCATION BY WIND. 

Rocky Mountain Forest and Range Experiment 

Station, Fort Collins, CO. 

R. A. Schmidt. 

IN: Proceedings of the Symposium: Cold Regions 

Hydrology. University of Alaska-Fairbanks, Fair- 
Alaska. American Water Resources Asso- 

= Bethesda, Maryiand. 1986. p 355-358, 4 fig, 

ref. 


Descriptors: *Cold regions, *Measuring instru- 
ments, *Snow cover, *Snowdrift, *Surface 
strength, *Wind, Instrumentation, Snow accumula- 
tion. 





An automated system was developed which sam- 
ples forces required to fracture grains from a snow 
surface. This device has sufficient sensitivity to 
measure differences in surface erodability under 
saltating drift. For example, forces required to 
fracture grains from the windward face of an erod- 
ing snowdune were less than those on a surface 
depositing immediately downwind of the dune 
crest. Such measurements help explain differences 
in the efficiency with which wind transports snow 
and may be defined by the ratio of drift rate to 
wind energy. The device developed provides both 
the sensitivity and speed to sample snow surface 
strength sufficiently that different surface condi- 
tions may be compared. (See also W90-10434) 
(Lantz-PTT) 

W90-10474 


WATER FLOW RATES, POROSITY, AND PER- 
MEABILITY IN SNOWPACKS IN THE CEN- 
TRAL SIERRA NEVADA. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 

B. J. McGurk, and R. C. Kattelmann. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 359-366, 3 
tab, 3 fig, 25 ref. 


Descriptors: *Cold regions, *Flow rates, *Flow 
velocity, *Permeability, *Porosity, *Runoff, 
*Sierra Nevada Mountains, *Snowmelt, *Snow- 
pack, California, Hydrologic properties, Seasonal 
variation. 


The equivalent permeability of spring snowpacks 
near Soda Springs, California was estimated from 
snowpack outflow data and calculated surface 
melt. The equivalent permeability results agree 
with reported values of intrinsic permeability and 
were found to decline during spring snowmelt. 
Values of a permeability parameter is changed 
significantly over the melt seasons, and these 
values can be used in operational application of 
meltwater routing procedures. Water drainage 
from snowpacks was about three times as rapid in 
the early season than in the late season. The de- 
creasing importance of flow channels with time 
may be responsible for this change in drainage 
speed. (See also W90-10434) (Author’s abstract) 
W90-10475 


IN SITU ELECTRICAL MEASUREMENTS OF 
SNOW WETNESS IN A DEEP SNOWPACK IN 
THE SIERRA NEVADA ZONE OF CALIFOR- 
NIA. 

Pacific Southwest Forest and Range Experiment 
Station, Soda Springs, CA. Central Sierra Snow 
Lab. 

For primary bibliographic entry see Field 7B. 
W90-10476 


MEASUREMENTS OF SNOW LAYER WATER 
RETENTION. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 

For primary bibliographic entry see Field 7B. 
W90-10477 


PRECIPITATION MEASURED BY DUAL 
GAGES, WYOMING-SHIELDED GAGES, AND 
IN A FOREST OPENING. 

Rocky Mountain Forest and Range Experiment 
Station, Laramie, WY. Forestry Sciences Lab. 

For primary bibliographic entry see Field 2B. 
W90-10478 


MASS BALANCE OF SNOW COVER IN THE 
ACCUMULATION AND ABLATION PERIODS. 
National Board of Waters, Helsinki (Finland). Hy- 
drological Office. 

E. Kuusisto. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 397-403, 3 fig, 
2 tab, 43 ref. 


Descriptors: *Cold regions, *Mass balance, *Snow 
accumulation, *Snow cover, *Snowmelt, Evapora- 
tion, Hydrologic budget, Precipitation, Snowdrift, 
Water yield, Wind. 


The mass balance of snow cover is effected by 
solid and liquid precipitation, mass flux from the 
soil, the net amount of snow transport by the wind, 
evaporation (and sublimation) and water yield 
from the snow cover. Current awareness of these 
components is reviewed. Gauge measurements 
normally underestimate solid precipitation at least 
by 20%, but corrections based on in situ meteoro- 
logical and gauge characteristics can lead to 
monthly values with an error of less than 5%. 
Mass flux from the soil rarely occurs to such an 
extent that it would significantly affect the mass 
balance of the snow cover. Transport of snow by 
wind can essentially affect the areal distribution of 
snow cover even in partially forested basins. The 
combined evaporation from snow cover, intercep- 
tion storage and windborne snow can amount to 
several tens of millimeters per season. Water yield 
from snow cover is due to liquid precipitation and 
to three snow melt components. Of these compo- 
nents, the basal snowmelt is the least understood 
phenomenon which can cause considerable losses 
from the snow cover during the accumulation 
gs A also W90-10434) (Author’s abstract) 


MODELLING SNOWMELT INFILTRATION 
AND RUNOFF IN A PRAIRIE ENVIRON- 
MENT. 


Saskatchewan Univ., Saskatoon. Div. of Hydrolo- 


gy. 

D. M. Gray, R. J. Granger, and P. G. Landine. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 427-438, 4 fig, 
2 tab, 32 ref. 


Descriptors: *Cold regions, *Frozen ground, *In- 
filtration, *Mathematical models, *Model studies, 
*Prairies, *Runoff, *Snowmelt, Ablation, Field 
tests, Hydrologic models, Ice, Mass balance, Math- 
ematical equations, Permeability, Porosity, Simula- 
tion analysis, Streamflow. 


The development of an infiltration model for 
frozen soils and its application for predicting 
streamflow from snowmelt in a prairie environ- 
ment is addressed. The model assumes that frozen 
soils can be grouped into three broad classes ac- 
cording to their infiltration potential. The first of 
these is ‘Unlimited,’ which are cracked or highly 
porous soils capable of infiltrating all of the snow 
water. The second class is ‘Limited’ where the 
infiltration potential of a soil depends primarily on 
the snow cover water equivalent and the ice con- 
tent of the soil layer, 0-33 mm at the time of the 
melt. The third class is ‘Restricted,’ a soil contain- 
ing and impermeable layer that inhibits infiltration. 
Field measurements of soil water changes during 
snow cover ablation are used to support the con- 
cept and a prediction equation for soils of ‘Limited’ 
potential is described. Estimates of infiltration 
qualities and runoff volumes determined by the 
model are compared with corresponding estimates 
which were either observed or calculated by a 
mass balance analysis of data collected on areas 
ranging in size from 35 sq m to 11.4 sq km. The 
agreement in values suggest that the model is capa- 
ble of giving estimates of areal infiltration of ac- 
ceptable accuracy for operational purposes. It is 
demonstrated that the performance of the 
NWSRFS (National Weather Service River Fore- 
cast System) and the SSARR (Streamflow Simula- 
tion and Reservoir Regulation) operational models 
in simulating streamflow from snowmelt on a prai- 
rie watershed is markedly improved with the use 
of the infiltration algorithm. (See also W90-10434) 
(Author’s abstract) 

W90-10482 


USING REAL-TIME (SNOTEL) DATA IN THE 
NWSRFS MODEL. 

Agricultural Research Service, Boise, ID. North- 
west Watershed Research Center. 

For primary bibliographic entry see Field 7C. 
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W90- 10483 


THEORETICAL BASIS AND PERFORMANCE 
EVALUATION OF CURRENT SNOWMELT- 
RUNOFF SIMULATION MODELS. 

Radian Corp., Sacramento, CA. 

For primary bibliographic entry see Field 7C. 
W90-10484 


RECENT Lk gern IN SNOWMELT- 
RUNOFF SIMULATIO) 

Sveriges cede ‘och Hydrologiska Inst., 
Norrkoeping. 

For primary bibliographic entry see Field 7C. 
W90-10485 


ROLE OF GLACIERIZED BASINS IN ALAS- 
KAN HYDROLOGY. 

Alaska Univ., Fairbanks. Geophysical Inst. 

Cc Benson, W. Harrison, J. Gosink, S. Bowling, 
and L. Mayo. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
— Bethesda, Maryland. 1986. p 471-483, 48 
ref. 


Descriptors: *Alaska, *Cold regions, *Glaciers, 
*Glaciohydrology, *Hydrologic budget, Arctic 
zone, Colville River, Glacial streams, Ice, Perma- 
frost, River ice, Runoff, Snow accumulation, 
Snowmelt, Workshops. 


Hydrology in Alaska is strongly influenced by 
problems associated with snow, ice, and perma- 
frost. Switzerland and Canada have preceded 
Alaska in ery hydrological resources that 
depend on glaciers for their sources. An interna- 
tional workshop was conducted on the topical 
Alaskan Hydrology: Problems Related to Glacier- 
ized Basins; the results and recommendations of 
which are summarized in this | pe wer Several sub- 
jects were addressed: runoff of glacierized basins; 
sediments in glacial streams; hazards associated 
with glaciers; ice problems on rivers and reser- 
voirs, and; selected aspects of permafrost hydrolo- 
y in permafrost basins. Four recommendations 
were made: (1) compare hydrographs of rivers in 
glacierized and mgs saree basins in the con- 
tinuous permafrost of the arctic slope; (2) compare 
runoff processes from permafrost and non-perma- 
frost areas in glacierized basins; (3) determine the 
basic hydrologic parameters on Alaska’s arctic 
slope; and (4) determine the long term hydrologic 
cycle of the Colville River as the major drainage 
system of the arctic slope. (See also W90-10434) 
(Lantz-PTT) 
W90-10486 


GLACIER-CLIMATE RESEARCH FOR PLAN- 
NING HYDROPOWER IN GREENLAND. 
Groenlands Geologiske Undersoegelse, Copenha- 


gen (Denmark). 

R. J. Braithwaite, and O. B. Olesen. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
b; Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 485-489, 1 fig, 
3 tab, 17 ref. 


Descriptors: *Climatology, *Cold regions, *Data 
acquisition, *Glaciohydrology, *Greenland, *Hy- 
droelectric plants, *Hydrologic budget, *Water re- 
sources development, Ablation, Humidity, Hydro- 
logic data, Ice, Precipitation, Project planning, Ra- 
diation, Runoff, Temperature, Wind. 


A program of Glacier-climate research is being 
carried out in Greenland for planning a possible 
hydropower station. The program is based upon 
the parallel collection of glaciological and climato- 
logical data. The glaciological measurements are 
made in a network of stakes drilled into the ice 
which are visited at least twice yearly to measure 
transient balances, i.e. roughly at the beginning and 
end of the summer which essentially extends over 
the three months June through August. The meas- 
urements are supplemented by daily readings of ice 
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ablation at stakes located close to the field stations 
in Johan Dahl Land and at Qamanarssup sermia. 
The readings on these stakes are used for detailed 
correlations with the climatological readings at the 
field stations. The climatological program is de- 
signed to be simple yet comprehensive enough for 
glacier-climate research. Recordings of air temper- 
ature and humidity, precipitation and wind, sun- 
shine and global radiation are made with clock- 
work recorders at the base camps, and are supple- 
mented by hand readings twice a day (morning and 
evening). Such a program gives daily averages or 
totals for the various elements and leaves the field 
team free for other work during the day. The 
combined glaciological and climatological can be 
carried out by 2-3 persons while a full program of 
synoptic observations would be more demanding. 
The results of this study confirm the importance of 
air temperature for calculating ablation and have 
already been used for the simulation of runoff from 
glacierized areas. (See also W90-10434) (Lantz- 


PTT) 
W90-10487 


FORECAST PROCEDURE FOR JOKULH- 
LAUPS ON SNOW RIVER IN SOUTHCEN- 
TRAL ALASKA. 

National Weather Service, Anachorage, AK. Alas- 
kan River Forecast Center. 

For primary bibliographic entry see Field 4A. 
W90-10488 


ANNUAL RUNOFF RATE FROM GLACIERS 
IN ALASKA; A MODEL USING THE ALTI- 
TUDE OF GLACIER MASS BALANCE EQUI- 
LIBRIUM. 
Geological Survey, Fairbanks, AK. Water Re- 
sources Div. 
L. R. Mayo. 
IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 509-517, 6 fig, 
3 tab, 10 ref. 


Descriptors: *Alaska, *Annual runoff, *Cold re- 
gions, *Glacier mass balance, *Glaciers, *Glacio- 
hydrology, “Mass balance, *Model _ studies, 
*Runoff forecasting, Bering Glacier, Flow dis- 
charge, Hydrologic budget, Knik River Basin, 
Mathematical models, Precipitation, Runoff. 


Glaciers in Alaska occur in high precipitation areas 
where the runoff is difficult to measure. The spa- 
cial variability of glacier runoff is poorly under- 
stood. The equilibrium line altitude (ELA) of gla- 
ciers is related inversely to the average precipita- 
tion rate. Therefore, information about the average 
runoff from individual glaciers is contained in 
ELA data. The newly evaluated information about 
runoff is available from topographic maps. An 
ELA runoff model that is proposed determines 
average annual runoff from basins in Alaska. As a 
test, the runoff rate was calculated for the Knik 
River Basin, Alaska, using the model. The test data 
indicated a 2.0 m/yr runoff, which compares with 
the average runoff rate of 2.03 m/yr as measured 
from 1959-1985. The ELA model was applied to 
an ungaged site in Alaska; the Bering Glacier 
drainage basin. Data indicated that 34 cubic km of 
water is produced annually from this basin. The 
largest glacier in Alaska is the Bering Glacier. The 
Bering Glacier is the source of 76% of the dis- 
charge from the basin. The average amount of 
drainage from the Bering Glacier into the Gulf of 
Alaska is approximately 1080 cubic m/s. (See also 
W90-10434) (Lantz-PTT) 

W90-10490 


SEASONAL AND INTERANNUAL OBSERVA- 
TIONS AND MODELING OF THE SNOWPACK 
ON THE ARCTIC COASTAL PLAIN OF 
ALASKA USING SATELLITE DATA. 

National Aeronautics and Space Administration, 
Greenbelt, MD. Hydrological Sciences Branch. 
For primary bibliographic entry see Field 7B. 
W90-10491 


OPERATIONAL DEMONSTRATION OF MON- 
ITORING SNOWPACK CONDITIONS UTILIZ- 


ING DIGITAL GEOSTATIONARY SATELLITE 
DATA ON AN INTERACTIVE COMPUTER 
SYSTEM. 

National Severe Storms Project, Kansas City, MO. 
For primary bibliographic entry see Field 7B. 
W90-10492 


APPLYING A SNOWMELT-RUNOFF MODEL 
WHICH UTILIZES LANDSAT DATA IN 
UTAH’S WASATCH MOUNTAINS. 

Brigham Young Univ., Provo, UT. Dept. of Zool- 
ogy and Entomology. 

For primary bibliographic entry see Field 7B. 
W90- 10493 


INITIATION OF SPRING SNOWMELT OVER 
ARCTIC LANDS. 

Lamont-Doherty Geological Observatory, Pali- 
sades, NY. 

D. A. Robinson. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 547-554, 7 fig, 
2 tab, 17 ref. Air Force Grant AFOSR 86-0053 and 
NSF Grant ATM 85-05558. 


Descriptors: *Alaska, *Albedo, *Arctic zone, 
*Cold regions, *Radiometry, *Remote sensing, 
*Snowmelt, Radiation, Runoff, Satellite technolo- 
gy, Seasonal variation, Tanana River Basin, Tem- 
perature. 


The springtime initiation of snowmelt in the 
Tanana River Basin and over the North Slope of 
Alaska was found to correlate with daily regionai- 
ly averaged values of parameterized absorbed 
shortwave radiation at the ground (Q) of from 6-8 
MJ/sq m and 2.5-4.5 MJ/sq m, respectively. These 
values are a function of solar isolation, surface 
albedo and atmospheric screening factors. Results 
are based on analyses of satellite imagery and 
ground station data from 1978-1985. During these 
springs, the date melt started ranged from 3/27 to 
4/23 (ave. 4/10) in the Basin and from 4/13 to 5/28 
(ave. 5/10) on the Slope. An early or late melt in 
the basin was not paralleled on the slope. Regional 
albedo at the start of melt was approximately 0.35 
in the Basin and 0.75 on the Slope. As the two 
regions differ by only several degrees of latitude, 
this difference in albedo appears to be the primary 
explanation for the considerably later date at 
which melt commenced on the slope. In both 
regions, an early start of melt appeared to be 
caused by abnormally warm air adverted into the 
region. On the slope, regardless of the starting 
date, the most rapid interval of decreasing albedo 
occurred once a secondary threshold of 6-8 MJ sq 
m/day was reached. Correlations between Q and 
local and regional temperatures appeared strongest 
on the Slope. (See also W90-10434) (Author’s ab- 
stract) 

W90-10494 


FORECASTING THE EFFECTS ON RIVER ICE 
DUE TO THE PROPOSED SUSITNA HYDRO- 
ELECTRIC PROJECT. 

Harza Engineering Co., Chicago, IL. 

For primary bibliographic entry see Field 6G. 
W90-10495 


STRUCTURE TO CONTROL ICE FORMATION 
AND ICE JAM FLOODING ON CAZENOVIA 
CREEK, NEW YORK. 

Army Engineer District, Buffalo, NY. 

S. R. Predmore. 

IN: Proceedings of the Sympcsium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 565-571, 3 fig, 
2 ref. 


Descriptors: *Cazenovia Creek, *Cold regions, 
*Flood control, *Hydraulic structures, *Ice jams, 
*New York, *River ice, Buffalo, Hydraulic 
models, Ice breakup, Ice formation, Piers, Spill- 
ways, Weirs, West Seneca. 


Cazenovia Creek, in western New York State fre- 
quently ice jam floods the communities of West 


Seneca and Buffalo. An ice control structure (ICS) 
is proposed by the U.S. Army of Engineers to: (1) 
modify the creeks ice formation; (2) restrict and 
control Cazenovia Creek ice runs; and (3) eliminate 
ice jam flooding in downstream residential and 
buisness areas. The ICS, to be located just up- 
stream of the urban development in West Seneca, 
consists of a 6 ft (1.8 m) high, 250 ft (76m) long 
weir (dam). Extending 6 ft (1.8 m) above the weir 
are nine concrete piers, spaced 25 ft (7.6 m) apart, 
which will prevent ice runs from moving down- 
stream. The weir and its concrete piers comprise 
the principal spillway for the ICS. Adjacent to this 
spillway are a 225 ft (69 m) long elevated weir and 
a 225 ft (69 m) long elevated floodway for passing 
high flows. Based on physical modei tests, the 
proposed ICS for Cazenovia Creek will be effec- 
tive in eliminating ice jam flooding in the urban 
developed areas of West Seneca and Buffalo, New 
York. (See also W90-10434) (Lantz-PTT) 
W90-10496 


FREEZEUP PROCESSES ALONG THE SU- 
SITNA RIVER, ALASKA. 

R and M Consultants, Inc., Anchorage, AK. 

S. R. Bredthauer, and G. C. Schoch. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
-—" Bethesda, Maryland. 1986. p 573-580, 4 fig, 
8 ref. 


Descriptors: *Alaska, *Cold regions, *Freezing, 
*Ice formation, *River ice, *Susitna River, Chu- 
litna River, Frazil ice, Ice breakup, Ice jams, 
Model studies, Seasonal variation, Talkeetna 
River, Yentna River. 


The ice regime of the Susitna River has been 
monitored since 1980 to document natural ice 
processes and their environmental effects, and to 
obtain calibration data for ice modeling of certain 
segments of the river. A description is provided of 
the different freezeup characteristics along the 
rivers length which result from the significant vari- 
ations in climate, morphology, and gradient along 
the river. Progression of an ice cover on the Su- 
sitna River begins in late October near the mouth 
at Cook Inlet. Frazil ice pans from the Yentna 
River, the middle and lower Susitna Rivers, and 
the Talkeetna and Chulitna Rivers jam to form a 
bridge near the mouth. This occurs during a high 
tide period when the air temperatures are signifi- 
cantly below freezing throughout the basin and 
frazil ice discharge is high. After the ice bridge 
forms, the incoming frazil ice accumulates at the 
upstream or leading edge of the ice cover, or at 
natural lodgement points such as shallows or is- 
lands, and causes the ice cover to progress up 
stream by several means: (1) progression by juxta- 
position of arriving floes with no subsequent thick- 
ening, leading to rapid ice cover development; (2) 
hydraulic thickening in which slush floes arriving 
at the leading edge thicken to a greater value than 
the original ice floe thickness; (3) arriving siush 
flows are compressed and added to the cover; and 
(4) Arriving slush flows do not accumulate at the 
slush front, but are subducted beneath the cover. 
They may be deposited some distance down 
stream. The ice cover advances upstream depend- 
ing on the air temperature, volume of incoming ice 
and river hydrodynamics. (See also W90-10434) 
(Lantz-PTT) 

W90-10497 


GROWTH AND DECAY OF RIVER ICE 
COVERS. 

Clarkson Univ., Potsdam, NY. Dept. of Civil and 
Environmental Engineering. 

H. T. Shen, and A. M. Lal. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 583-591, 2 fig, 
12 ref. US Army Cold Regions Research and 
Engineering Laboratory Contract No. DACA 89- 
84-K-0008. 


Descriptors: *Cold regions, *Data interpretation, 
*Ice breakup, *Ice formation, *Mathematical 





models, *Model studies, *River ice, *St Lawrence 
River, Finland, Frazil ice, Gulf of Bothnian, Hy- 
drologic models, Ice thickness, New York, Simula- 
tion analysis, Snow cover. 


A mathematical model for calculating the thermal 
growth and decay of river ice covers takes into 
consideration the insulation effect of snow and 
frazil ice, and is able to provide a continuous 
description of the ice cover thickness throughout 
the winter. Applications of the simulation model to 
ice covers at two different locations are also pre- 
sented; the ice cover in the upper St. Lawrence 
River near Massena, N.Y. and the ice cover on the 
Finnish coast of Bothnian Bay at Virpinieme. The 
model has been found effective for providing good 
simulations for the growth and decay of an ice 
cover. Refinements by including variable snow 
properties due to the packing effect, and the effect 
of the refreezing of undrained meltwater may be 
considered for further studies. (See also W90- 
10434) (Lantz-PTT) 

W90-10498 


ICE JAMS IN REGULATED RIVERS IN 
NORWAY, EXPERIENCES AND PREDIC- 
TIONS. 

R. P. Asvall. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 593-602, 9 fig. 


Descriptors: *Cold regions, *Ice breakup, *Ice 
jams, *Norway, *Regulated flow, *River ice, 
Flooding, Glomma River, Hydroelectric piants, 
Nea River, Otta River, Stream discharge. 


In the upper Glomma River and the Otta River in 
Norway, there has been an increase of winter 
discharge in order to transport reservoir water 
from the upper reservoir to intake dams further 
downstream. This initially caused problems with 
ice jamming and flooding. The scheme of water 
discharge was modified which has resulted in over- 
coming most problems. The Nea River has also 
experienced an increase in discharge downstream 
from a power station in the upper part of the water 
course. The problems with the Nea were corrected 
by further developing the river downstream. Reg- 
ulating the amount of water discharged into these 
rivers is seen as an answer to ice jam flooding 
problems; by reducing the discharge into these 
rivers. (See also W90-10434) (Lantz-PTT) 
W90-10499 


HYDROLOGIC ASPECTS OF ICE JAMS. 

Cold Regions Research and Engineering Lab., 
Hanover, NH. 

D. Calkins. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
-_ Bethesda, Maryland. 1986. p 603-609, 5 fig, 
14 ref. 


Descriptors: *Cold regions, *Hydrologic proper- 
ties, *Ice breakup, *Ice jams, *River ice, Flooding, 
Flow discharge, Runoff, Snowmelt. 


The hydrologic aspects of ice jams have received 
very little attention. During the last 30 years, the 
major emphasis has been placed on understanding 
the hydraulics and mechanics of ice jams and de- 
termining their ‘flood’ levels. However, a parame- 
ter that should be known with reasonable accuracy 
is the flow discharge at the ice jam location. This 
paper examines hydrologic information that is im- 
portant for analyzing ice jam flooding problems, 
such as flow measurements under the ice cover and 
winter stage rating curves, frequency analysis of 
winter flow records, watershed cooling and natu- 
ral river thermal regimes, ice discharge and snow- 
melt runoff prediction. Areas of research to 
strengthen the quality of the hydrologic input have 
been suggested, including: (1) discharge calcula- 
tions during the ice cover breakup and ice jam 
periods based on the mechanics of the ice cover 
and equilibrium thickness of ice jams; (2) statistical 
distribution for winter peak flows and enhanced 
analytical techniques for sparsely populated sam- 
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ples; (3) runoff prediction for freeze-up periods 
where the impact of frozen ground is important; 
(4) field data on the water temperature of natural 
streams and analytical methods for predicting the 
cooling of water and melting of the river ice in 
these streams; and (5) field measurements on the 
quantity of ice being generated and transported in 
rivers, both at freeze-up and breakup. (See also 
W90-10434) (Lantz-PTT) 

W90-10500 
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EFFECTS OF FLURPRIMIDOL, MEFLUI- 
DIDE, AND SOIL MOISTURE ON ST. AUGUS- 
TINEGRASS EVAPOTRANSPIRATION RATE. 
Texas A and M Univ., College Station. Dept. of 
Soil and Crop Sciences. 

For primary bibliographic entry see Field 3F. 
W90-09605 


APPLICATION OF REMOTE SENSING AND 
SOIL WATER BALANCE SIMULATION 
MODELS TO DETERMINE THE EFFECT OF 
GROUNDWATER EXTRACTION ON CROP 
EVAPOTRANSPIRATION. 

Winand Staring Centre for Integrated Land, Soil 
and Water Research, Wageningen (Netherlands). 
H. A. M. Thunnisssen, and G. J. A. Nieuwenhuis. 
Agricultural Water Management AWMADF, Vol. 
15, No. 4, p 315-332, July 1989. 11 fig, 4 tab, 21 ref. 


Descriptors: *Evapotranspiration, *Groundwater 
irrigation, *Hydrologic maps, *Mathematical 
models, *Model studies, *Soil-water-plant relation- 
ships, *Surface-groundwater relations, Agricul- 
ture, Drought, Soil water, The Netherlands. 


Hydrological models for the simulation of trans- 
port of soil water or groundwater are often applied 
to evaluate drought damage of agricultural crops. 
Calculations with this type of models provide in- 
formation about the evapotranspiration of agricul- 
tural crops throughout the growing season. Ther- 
mal remote sensing images provide information on 
regional variation in crop temperature at the 
moment of flight. These instantaneous crop tem- 
peratures can be converted into 24 hour estimates 
of evapotranspiration with a linear relationship. 
Using this relationship, actual evapotranspiration 
can be derived from digital reflection and thermal 
images. In this way an evapotranspiration map was 
constructed for an area in the eastern part of The 
Netherlands where groundwater is extracted. For 
the flight day the remote sensing derived evapo- 
transpiration values were compared with evapo- 
transpiration values calculated with a one-dimen- 
sional and a quasi-three-dimensional hydrological 
model. The obtained evapotranspiration map ap- 
pears to be a valuable tool to extrapolate local 
model results and to calibrate and verify model 
calculations. It was found that the hydrological 
description of the area is improved by the present 
method of combining remote sensing with sensing 
results of conventional methods. (Author’s ab- 
stract) 

W90-09651 


SOME EMPIRICAL RELATIONS FOR THE 
PREDICTION OF SOIL EVAPORATION, 
TRANSPIRATION AND ROOT WATER 
UPTAKE UNDER FIELD CONDITIONS. 
Agriculture and Water Resources Research 
Centre, Baghdad (Iraq). Dept. of Soil Science. 
S. Al-Khafaf, F. A. Sharhan, P. J. Wierenga, and 
A. D. lyada. 

Agricultural Water Management AWMADPF, Vol. 
16, No. 4, p 323-335, November 1989. 7 fig, 3 tab, 
19 ref. 


Descriptors: *Evaporation, *Soil-water-plant rela- 
tionships, *Transpiration, Hydraulic conductivity, 
Mathematical models, Moisture uptake, Roots, Soil 
evaporation. 


A simple empirical approach for root water uptake 
is presented to predict water content distribution 
under field conditions. The parameters needed are 
hydraulic conductivity or diffusivity, initial water 


content or matric potential root length distribution, 
leaf area index and Class A pan evaporation (Ep). 
Comparison between estimated and measured 
water content distributions indicates a reasonably 
good agreement. It appears that water uptake by 
plant roots at a given depth may be predicted from 
leaf area, evaporation demands, relative root mass 
and the ratio of transpiration to potential transpira- 
tion. The sensitivity tests clearly showed that the 
modeled water uptake by plant roots and water 
content distributions are controlled by external 
evaporativity rather than by hydraulic conductivi- 
ty of the soil. (Author’s abstract) 

W90-09660 


EVAPOTRANSPIRATION IN A _ GREEN- 
HOUSE-WARMED WORLD: A REVIEW AND 
SIMULATION. 

Resources for the Future, Inc., Washington, DC. 
Climate Resources Program. 

N. J. Rosenberg, M. S. McKenney, and P. Martin. 
Agricultural and Forest Meteorology AFMEEB, 
Vol. 47, No. 2/4, p 303-320, September 1989. 2 fig, 
2 tab, 40 ref, append. 


Descriptors: *Climatology, *Evapotranspiration, 
*Global warming, *Greenhouse effect, *Literature 
review, *Simulation, Alfalfa, Carbon dioxide, For- 
ests, Irrigation, Kansas, Nebraska, Prairies, Ten- 
nessee, Vegetation. 


The ways in which the greenhouse effect may 
affect evapotranspiration (ET) rates are reviewed 
briefly. ET may change because of atmospheric 
warming and becaus: of associated changes in 
other climatic factors. ET rates also may be altered 
by simulation of plant growth and increase in 
stomatal resistance that occur in response to CO2 
enrichment of the atmosphere. The Penman-Mon- 
teith model of evapotranspiration was employed 
with data from four different ecosystems (mixed, 
mainly deciduous forest in Oak Ridge, Tennessee; 
tall grass prairie near Manhattan, Kansas; wheat 
field at Mead, Nebraska; and irrigated alfalfa at 
Mead, Nebraska) to estimate the possible range of 
changes in ET that may occur in response to the 
climatic and plant changes associated with the 
greenhouse effect. The climatic and plant factors 
first were varied individually to determine model 
sensitivity. These factors were then varied simulta- 
neously according to scenarios of climatic change 
to determine their combined impact on ET. De- 
pending on the ecosystem and on climatic condi- 
tions, ET can differ by -20 to +40% from the 
control case (no climate or plant change). (Au- 
thor’s abstract) 

W90-09710 


MEASUREMENT AND _ ESTIMATION OF 
EVAPORATION FROM SOIL UNDER SPARSE 
BARLEY CROPS IN NORTHERN SYRIA. 
Reading Univ. (England). Dept. of Soil Science. 
For primary bibliographic entry see Field 3F. 
W90-09713 


EXTENSION ACTIVITIES NEEDED TO 
EXPAND USE OF EVAPOTRANSPIRATION 
DATA FOR IRRIGATION. 

California Univ., Davis. Dept. of Land, Air and 
Water Resources. 

For primary bibliographic entry see Field 3F. 
W90-09744 


CANOPY SURFACE CONDUCTANCE OF UN- 
STRESSED WHEAT AND ITS WEATHER DE- 
PENDENCE. 

Orange Free State Univ., Bloemfontein (South 
Africa). 

W. H. van Zyl, J. M. de Jager, C. J. Maree, and A. 
Singels. 

Water SA WASADYV, Vol. 16, No. 2, p 99-104, 
April 1990. 2 fig, 3 tab, 17 ref. 


Descriptors: *Evapotranspiration, *Water loss, 
*Wheat, Atmospheric water, Canopy conduct- 
ance, Evaporative demand, Lysimeters, Mathemai- 
ical equations, Peuman-Monteith equation. 





Field 2—WATER CYCLE 


Group 2D—Evaporation and Transpiration 


The Penman-Monteith equation, together with 
weather data from an automatic weather station 
and concurrent measurements of atmospheric 
evaporative demand (AED) on a wheat lysimeter 
were used to calculate mean and median hourly 
values of wheat canopy conductance (CC). Mean 
and median hourly values were 0.08 and 0.06 m/ 
sec, respectively, although the value 0.04 m/sec 
occurred most often. Values of AED calculated 
from the Penman-Monteith equation, using CC 
equal to 0.08 and 0.06 m/sec, were compared to 
measured values of AED. Statistical tests yielded a 
high index of agreement (IA) and low mean abso- 
lute difference (MAD). The IA and MAD for 
mean and median values of CC were 0.96 and 0.07 
mm/hr and 0.95 and 0.07 mm/hr, respectively. Net 
radiation, wind speed, air temperature, and vapor 
pressure deficit independently had no influence on 
the behavior of CC. (Author’s abstract) 

W90-09754 


STABILITY OF CROP COEFFICIENTS UNDER 
DIFFERENT CLIMATE AND IRRIGATION 
MANAGEMENT PRACTICES. 

Florida Univ., Gainesville. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 3F. 
W90-09784 


WATER REQUIREMENTS OF YOUNG COCO- 
NUT PALMS IN A HUMID TROPICAL CLI- 
MATE. 

Centre for Water Resources Development and 
Management, Calicut (India). Water Management 
(Ag) Div. 

For primary bibliographic entry see Field 3F. 
W90-09785 


SIMPLIFIED SOIL-WATER BALANCE 
MODELS TO PREDICT CROP TRANSPIRA- 
TION 

Washington State Univ., Pullman. Dept. of Agron- 
omy and Soils. 

For primary bibliographic entry see Field 3F. 
W90-098 13 


GROUNDWATER EVAPORATION FROM 
EAST-SAHARIAN DEPRESSIONS BY MEANS 
OF DEUTERIUM AND OXYGEN-18 IN SOIL 
MOISTURE. 

Heidelberg Univ. (Germany, F.R.). Inst. fuer Um- 
weltphysik. 

D. Christmann, and C. Sonntag. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 189-204. 6 fig, 12 ref. 


Descriptors: *Aquifers, | *Evapotranspiration, 
*Geohydrology, *Groundwater evaporation, *Iso- 
tope studies, Arid lands, Egypt, Nubian Aquifer 
System, Oxygen isotopes, Sahara, Soil water. 


Estimates of the natural groundwater discharge of 
the Nubian Aquifer System by evapotranspiration 
in East Saharian depressions correspond to a mean 
evapotranspiration rate of 100 mm/a there. This 
unbalanced loss of fossil groundwater causes an 
exponential decrease of the hydraulic head in the 
vast desert area around the depressions, which is 
equivalent to a mean regional groundwater draw- 
down rate of 0.5 cm/a at present. At various 
barren soil sites in East Oweinat, SW Egypt, 
where groundwater is still close to the ground 
surface, local evaporation rates ranging between 4 
mm/a and 700 mm/a have been derived from 
vertical profiles of deuterium and oxygen-18 in soil 
moisture. These evaporation data compare with 
theoretical estimates of steady state moisture trans- 
fer from the groundwater surface to the atmos- 
phere, which occurs by capillary rise of soil water 
up to the evaporating front followed by an equiva- 
lent water vapor flow through the dry soil layer 
above this front. (See also W90-09551) (Author’s 
abstract) 

W90-09961 


EVAPORATIVE ENRICHMENT OF DEUTERI- 
UM AND O-18 IN ARID ZONE IRRIGATION. 
Lamont-Doherty Geological Observatory, Pali- 
sades, NY. 

For primary bibliographic entry see Field 2F. 
W90-09964 


ARID LANDS: EVAPOTRANSPIRATION 
UNDER EXTREMELY ARID CLIMATES 
Khartoum Univ. (Sudan). 

A. M. Salih. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 305- 
324, 12 fig, 8 tab, 55 ref. 


Descriptors: *Arid climates, *Arid lands, *Evapo- 
transpiration, *Irrigation, Advection, Climatic 
data, Climatic effects, Evapotranspiration poten- 
tial, Irrigation requirements, Irrigation water, Ref- 
erence crop. 


The state of knowledge on evapotranspiration 
under extremely arid climates is relatively poor, in 
spite of worthwhile scattered efforts. The main 
impediments are vagueness in the definitions of 
aridity, shortage in climatic and direct measure- 
ments data, little knowledge on the effect of siting 
and advection in climatic measurements, and the 
controversial definitions of evapotranspiration 
terms. There is a need for a more detailed defini- 
tion of aridity based on evapotranspiration concept 
and more oriented towards irrigation water re- 
quirements. Awareness on the importance of cli- 
matic data for many purposes has recently led to 
the establishment of a vast number of climatic 
stations in many areas under extremely arid cli- 
mates. The effect of advection on irrigation, espe- 
cially under these extreme conditions, is poorly 
understood and requires special attention. The con- 
cept of reference crop evapotranspiration seems to 
overshadow the older term of potential evapotran- 
spiration. It seems, however, that a standardization 
of the reference crop and the corresponding crop 
factor is a matter that needs urgent contribution 
from one of the concerned international authorities 
to eliminate the current controversies. (See also 
W90-10104) (Mertz-PTT) 

W90-10114 


TIME SCALE OF LAND SURFACE HYDROLO- 
GY IN RESPONSE TO INITIAL SOIL MOIS- 
TURE ANOMALIES: A CASE STUDY. 

Ecole Normale Superieure, Paris (France). Lab. de 
Meteorologie Dynamique. 

For primary bibliographic entry see Field 2G. 
W90-10320 


ANALYSIS OF EVAPORATION COEFFICIENT 
FROM ICE SURFACES DURING THE FREEZ- 
ING SEASON IN NORTHERN CHINA. 

General Hydrological Station of Liaoning Prov- 
ince, Shenyang (China). 

H. C. Yin. 

IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. IAHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. p 29-36. 5 fig, 3 tab. 


Descriptors: *China, *Evaporation, *Evaporation 
pans, *Evaporation rate, *Freezing, *Ice, *Measur- 
ing instruments, Cold regions, Estimating, Mathe- 
matical models. 


In the world’s cold regions, such as the northern 
part of China, evaporation studies have been made 
only from observations of evaporation from 20-cm 
diameter pans in the winter freezing season. It is 
not known how to estimate evaporation from large 
bodies of water during the freezing period. This 
paper briefly describes the analysis of observations 
of evaporation from water surfaces in the freezing 
season using various evaporation instruments, and 
presents observations from evaporation experi- 
ments conducted in northern China during the 
winter freezing period for the period from 1981 to 
1985. The analysis of the coefficient of evaporation 
from ice surfaces in the freezing period, measured 
with different sized evaporation instruments, its 


distribution in area and its change with time are 
presented. Variations of the evaporation coefficient 
with time and area were found to have a certain 
regularity. The regression equation given may be 
used to choose the value of the evaporation coeffi- 
cient during the freezing period in areas where no 
contrast evaporation studies exist. (See also W90- 
10374) (Author’s abstract) 

W90-10378 


2E. Streamflow and Runoff 


WATER-RESOURCES APPRAISAL OF THE 
LAKE TRAVERSE INDIAN RESERVATION IN 
SOUTH DAKOTA. 

Geological Survey, Huron, SD. Water Resources 
Di 


iV. 
For primary bibliographic entry see Field 2F. 
W90-09526 


FLOOD OF ee ae 25, 1987, IN MILL- 
INGTON, TENNESSEE AND VICINITY. 
Geological Survey, Nashville, TN. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
W90-09527 


WATER RESOURCES DATA, ARIZONA, 
WATER YEAR 1988. 

Geological Survey, Tucson, AZ. 

For primary bibliographic entry see Field 7C. 
W90-09531 


WATER a DATA, WASHINGTON, 
WATER YEAR 1: 

Geological ie Tacoma, WA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
W90-09532 


GROUND-WATER INFLOW TO THE DES- 
CHUTES RIVER NEAR THE WARM SPRINGS 
INDIAN RESERVATION, OREGON, AUGUST 
1985. 

Geological Survey, Portland, OR. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09533 


GEOHYDROLOGIC DATA FOR SELECTED 
SPRINGS IN EASTERN NEVADA THROUGH 
1982, WITH EMPHASIS ON WHITE PINE 
COUNTY. 

Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09534 


COST EFFECTIVENESS OF THE STREAM- 
GAGING PROGRAM IN NEVADA. 

Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7A. 
W90-09542 


FLOOD FREQUENCY OF THE SAVANNAH 
RIVER AT AUGUSTA, GEORGIA. 

Geological Survey, Columbia, SC. Water Re- 
sources Div. 

C. L. Sanders, H. E. Kubic, J. T. Hoke, and W. H. 
Kirby. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 90-4024, 
1990. 87p, 35 fig, 14 tab, 85 ref. 


Descriptors: *Flood frequency, *Flood profiles, 
*Flood recurrence interval, *Flood routing, 
*Floods, *Georgia, *Savannah River, Augusta, 
Flood data, Flood discharge, Flood hydrographs, 
Flood peak, Flood plains, Flood-control storage, 
South Carolina. 





To fill an increasing need for reliable information 
on floods of various recurrence intervals on the 
Savannah River a flood-frequency relation was 
developed for the long-term gaging station at Au- 
gusta, Georgia. The flood-frequency analysis was 
complicated by the fact that the Savannah River 
upstream of Augusta has experienced increasing 
regulation of flow caused by three large dams 
constructed since 1952. The pre-impoundment 
period was important to the flood-frequency analy- 
sis because it included a number of large floods 
that, even when adjusted for regulation, exceed all 
floods since 1952. A reservoir routing model was 
used to adjust nine such floods for the effects of 
regulation, and to develop a relation for estimating 
regulated peak discharges for additional unregulat- 
ed floods. The 1% chance exceedance flood for 
regulated conditions on the Savannah River at 
Augusta was computed as 180,000 cu ft/sec. 


INCORPORATION OF UNCERTAINTIES IN 
REAL-TIME CATCHMENT FLOOD FORE- 
CASTING. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

C. S. Melching, B. C. Yen, and H. G. Wenzel. 
Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-173766/ 
AS. Price codes: A10 in paper copy, AOI in micro- 
fiche. Illinois Water Resources Center, Urbana- 
Champaign, WRC Research Report No. 208, 
UILU-WRC-87-208, September 1987. 194p, 29 fig, 
32 tab, 188 ref, 4 append. USGS Contract 14-08- 
0001-G1223; USGS Project G1223-04. 


Descriptors: *Decision making, *Flood control, 
*Flood forecasting, *Floods, *Risks, Flood protec- 
tion, Flood warning, Hydrology, Illinois, Mathe- 
matical models, Rainfall, Real-time forecasting, 
Reliability, Runoff, Storms, Vermilion River, Wa- 
tersheds. 


When preparing real-time flood forecasts for a 
catchment flood warning and preparedness system, 
consideration must be given to four sources of 
uncertainty--natural, data, model parameters, and 
model structure. Three reliability analysis meth- 
ods--Monte Carlo simulation, mean value and ad- 
vanced first-order second moment analysis 
(MVFOSM and AFOSM, respectively)--were ap- 
plied to the rainfall-runoff modeling reliability 
problem. Comparison of these methods indicates 
that the AFOSM method is probably best suited to 
the rainfall-runoff modeling reliability problem 
with the MVFOSM showing some promise. The 
feasibility and utility of the reliability analysis pro- 
cedure are shown for a case study employing as an 
example the HEC-1 and RORB rainfall-runoff wa- 
tershed models to forecast flood events on the 
Vermilion River watershed at Pontiac, Illinois. 
The utility of the reliability analysis approach is 
demonstrated for four important hydrologic prob- 
lems: (1) determination of forecast (or predication) 
reliability; (2) determination of the flood level ex- 
ceedance probability due to a current storm and 
development of ‘rules of thumb’ for flood warning 
decision making considering this probabilistic in- 
formation; (3) determination of the key sources of 
uncertainty influencing model forecast reliability; 
and (4) selection of hydrologic models based on 
comparison of model forecast reliability. Central to 
this demonstration is the reliability analysis meth- 
ods’ ability to estimate the exceedance probability 
for any hydrologic target level of interest and, 
hence, to produce forecast cumulative density 
functions and probability distribution functions. 
For typical hydrologic modeling cases, reduction 
of the underlying modeling uncertainties is the key 
to obtaining useful, reliable forecasts. Furthermore, 
determination of the rainfall excess is the primary 
source of uncertainty, especially in the estimation 
of the temporal and areal rainfall distributions. 
(Stout-IL WRC) 

W90-09554 


EFFECT OF MUNICIPAL WASTEWATER IR- 
RIGATION AND RATE OF N FERTILIZATION 
ON PETIOLE COMPOSITION, YIELD AND 
QUALITY OF OKANAGAN _ RIESLING 
GRAPES. 


Agriculture Canada, Summerland (British Colum- 

bia). Research Station. 

For primary bibliographic entry see Field 3C. 
-09603 


POST-DEFAUNATION RECOVERY OF FISH 
ASSEMBLAGES IN SOUTHEASTERN BLACK- 
WATER STREAMS. 

Savannah River Ecology Lab., Aiken, SC. 

For primary bibliographic entry see Field 2H. 
W90-09612 


ECOSYSTEM METABOLISM AND TURNOV- 
ER OF ORGANIC CARBON ALONG A BLACK- 
WATER RIVER CONTINUUM. 

Georgia Univ., Athens. Dept. of Zoology. 

For primary bibliographic entry see Field 2H. 
W90-09613 


SURVEY OF COLUMBIA RIVER BASIN 
STREAMS FOR COLUMBIA PEBBLESNAIL 
AND SHORTFACE LANX. 

Battelle Pacific Northwest Labs., Richland, WA. 
Geosciences Dept. 

For primary bibliographic entry see Field 2H. 
W90-09615 


COMPLIANCE WITH INSTREAM FLOW 
AGREEMENTS IN COLORADO, MONTANA, 
AND WYOMING. 

Wyoming Cooperative Fishery and Wildlife Re- 
search Unit, Laramie. 

For primary bibliographic entry see Field 6E. 
W90-09616 


SEASONAL FLUCTUATION IN _ SPECIES 
COMPOSITION OF AQUATIC HYPHOMYCE- 
TOUS FLORA IN A TEMPERATE FRESHWA- 
TER STREAM OF CENTRAL HIMALAYA, 
INDIA. 

Kumaun Univ., Naini Tal (India). Dept. of Botany. 
For primary bibliographic entry see Field 2H. 
W90-09619 


PARTICULATE ORGANIC MATTER IN THE 
ORINOCO RIVER: A PRISTINE EXAMPLE. 
Instituto Venezolano de Investigaciones Cientifi- 
cas, Caracas. Centro de Ecologia y Ciencias Am- 
bientales. 


For primary bibliographic entry see Field 2H. 
W90-09649 


REAL-TIME OPERATION OF TANSHUI 
RIVER RESERVOIRS. 

National Taiwan Univ., Taipei. Dept. of Civil En- 
gineering. 

J. T. Kuo, N. S. Hsu, W. S. Chu, S. Wan, and Y. J. 
Lin. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 349- 
361, May/June 1990. 6 fig, 4 tab, 11 ref. 


Descriptors: *Computer models, *Mathematical 
models, *Model studies, *Reservoir operation, 
*Streamflow forecasting, Streamflow data, 
Taiwan, Water shortage. 


A modeling package was developed for and ap- 
plied to the real-time operation of Feitsui and 
Shihmen Reservoirs in the Tanshui River Basin, 
Taiwan, the Republic of China. The modeling 
package consists of a 10-day (the traditional reser- 
voir operation period in Taiwan) streamflow fore- 
cast model, a rule-curve-based simulation model, 
and an optimization model. Given a forecasted 
streamflow sequence for the entire year, the simu- 
lation model is first used to determine whether a 
severe shortage of water is expected. Using the 
simulation results as an initial feasible operating 
policy and an appropriate objective function 
(which is different for periods with and without an 
anticipated shortage), a dynamic-programming- 
based optimization model is then used to determine 
an improved operating policy. At the end of each 
10-day period, the streamflow forecast is updated 
using a Kalman filter technique and the observed 


WATER CYCLE—Field 2 
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streamflow the period, and the simulation and opti- 
mization models will be rerun for the remaining 
periods of the year. The cycle repeats until the last 
period is reached. Tested with actual operational 
records and a hypothetical condition, the models 
were shown to be capable of producing improved 
10-day operating rules for the present reservoir 
system. The entire modeling system was run on a 
VAX 8650 and an IBM-AT compatible personal 
computer (PC). The execution time for a 1-year 
(36 10-day periods) operation is less than 5 min on 
the VAX 8650, and about 45 min on the PC. 
(Author’s abstract) 

W90-09669 


PRACTICAL DETERMINATION 
THETICAL FLOODS. 

Espey, Huston and Associates, Inc., Austin, TX. 
L. R. Beard. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 389- 
401, May/June 1990. 4 fig, 1 tab, 8 ref. 


OF HYPO- 


Descriptors: *Flood forecasting, *Flood hydro- 
graphs, *Flood maps, *Rainfall-runoff relation- 
ships, *Runoff forecasting, Flood data, Mathemati- 
cal models, Rainfall simulation. 


A comprehensive procedure for simultaneously re- 
lating storm rainfalls of a range of frequencies to 
runoff hydrographs of the same frequencies is sug- 
gested. Hypothetical storm rainfall is developed 
from published rainfall frequency data and then 
related directly to runoff peaks and volumes of 
corresponding frequencies obtained from recorded 
runoff. The vexing questions of what rainfall pat- 
terns to use to define a storm of a specified fre- 
quency and what ground conditions to use for 
converting the rain to runoff of the same frequency 
are answered in the model calibration process. 
Using the same criteria in application as in calibra- 
tion eliminates some major uncertainties. The pri- 
mary reason for relating rainfall to runoff is to 
compute flood hydrographs for conditions and lo- 
cations other than those for which adequate runoff 
records are available. Once sound relationships are 
developed where good runoff data are available, 
such relationships can be used to assess flood po- 
tential for other basin conditions and management 
plans, as well as for other locations. (Author’s 
abstract) 

W90-09672 


COMMUNITIES OF SESSILE ALGAE IN 
SOME SMALL STREAMS OF CENTRAL FIN- 
LAND. COMPARISON OF THE ALGAE OF 
THE HIGH MOUNTAINS OF EUROPE AND 
THOSE OF ITS NORTHERN REGIONS. 

Polish Academy of Sciences, Krakow. Zaklad Bio- 
logii Wod. 

For primary bibliographic entry see Field 2H. 
W90-09677 


ECOLOGICAL CHARACTERISTICS OF 
CADDIS' FLIES (TRICHOPTERA) OF 
STREAMS IN THE GORCE MTS (SOUTHERN 
POLAND). 

Polish Academy of Sciences, Krakow. Zaklad 
Ochrony Przyrody i Zasobow Naturalnych. 

For primary bibliographic entry see Field 2H. 
W90-09679 


PRELIMINARY REPORT ON THE STONE- 
FLIES (PLECOPTERA) INHABITING MAIN 
WATERCOURSES IN THE GORCE MTS 
(SOUTHERN POLAND). 

Jagiellonian Univ., Krakow (Poland). Inst. of En- 
vironmental! Biology. 

For primary bibliographic entry see Field 2H. 
W90-09680 


FLOOD HYDROGRAPH ESTIMATION FROM 
ARID CATCHMENT MORPHOLOGY. 

Sultan Qaboos Univ., Muscat (Oman). Dept. of 
Civil Engineering. 

M. Nouh. 

Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
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103-120, April/May 1990. 8 fig, 8 tab, 16 ref. Saudi 
Arabian National Water Research Project Num- 
bers AR-02-17 and AR-05-62. 


Descriptors: *Arid-zone hydrology, *Catchment 
areas, *Flood forecasting, *Flood hydrographs, 
*Geomorphology, *Hydrologic models, *Rainfall- 
runoff relationships, Flood peak, Infiltration, 
Model testing, Natural slope, Precision, Rain- 
storms, Saudi Arabia, Simulation analysis. 


Prediction of flood hydrographs with minimum 
dependence on historic runoff records has become 
a major challenge for hydrologists. This is because 
the majority of the world’s catchments are un- 
gaged or do not have the generally accepted mini- 
mum standards for the record length, spatial cover- 
age, and accuracy requirements that allow for 
direct analysis of the record. A more advanced and 
indirect methodology that provides an accurate 
prediction of maximum flood flow rates in arid 
catchments such as those of Saudi Arabia, is 
needed. Data on the performance of a geomorpho- 
logic rainfall-runoff model used to simulate ob- 
served flash flood hydrographs in 32 arid catch- 
ments have been analyzed. The catchments, which 
are located in the southwest region of Saudi 
Arabia, vary in their size, slope of land, and char- 
acteristics of soils, and are in zones with differing 
rainstorm characteristics. It was found that size, 
followed by a rate of infiltration and slope of land, 
are the catchment characteristics that most affect 
the accuracy. In addition, the accuracy varies with 
spatial and temporal rainfall variation, total rainfall 
depth, and length of the dry period between suc- 
cessive rainstorms over the catchment. The model 
is sensitive to temporal rainfall variation more than 
spatial rainfall variation, and to the dry period 
more than total rainfall depth. Generally, the 
model was not very accurate when compared to 
the observations, especially when simulating peak 
flow rates in large size infiltration catchments 
having a high temporal rainstorm variation. (Fish- 


W90-09775 


IMPROVED HYDROLOGIC FORECASTING-- 
RESULTS FROM A WMO REAL-TIME FORE- 
CASTING EXPERIMENT. 

Iowa Univ., Iowa City. Dept. of Civil and Envi- 
ronmental Engineering. 

K. P. Georgakakos, and G. F. Smith. 

Journal of Hydrology JHYDA/7, Vol. 114, No. 1/ 
2, p 17-45, March 1990. 12 fig, 29 ref. Hydrologic 
Research Laboratory (HRL), National Weather 
Service, National Oceanic and Atmospheric Ad- 
ministration Agreement No. NA86AA-H-HY126. 


Descriptors: *Discharge measurement, *Hydrolog- 
ic models, *Streamflow forecasting, *Watersheds, 
Canada, France, Headwaters, Mathematical 
models, Oklahoma, Simulation analysis. 


A methodology for improved forecasting of 
streamflows in headwater basins has been devel- 
oped based on the mathematical modeling of the 
hydrologic catchment processes via conceptual hy- 
droiogic models. Real-time updating procedures 
have been designed for the on-line incorporation of 
past observed discharges in the forecasts. Updating 
is accomplished via a state estimator that exploits a 
priori knowledge on the statistical characteristics 
of model input and parameter errors. Hydrologic 
expertise is the only essential requirement for rou- 
tine application. The methodology in real-time hy- 
drologic forecasting was valuable for two hydrolo- 
gically different headwater basins: the Bird Creek 
basin in Oklahoma, and the Orgeval basin in 
France. Verification of the methodology with data 
from these basins was performed as part of a 
World Meteorological Organization (WMO) 
workshop held in Vancouver, British Columbia, 
Canada, during the period: 30 July-8 August 1987. 
Real-time conditions were simulated with verifica- 
tion data made known after forecasts were issued. 
The verification results appear encouraging espe- 
cially in light of the fact that all the forecasts were 
obtained in an automatic fashion (without manual 
intervention). The methodology developed has 
been implemented on the National Weather Serv- 
ice River Forecast System forecast component at 
the Hydrologic Research Laboratory, National 


Weather Service (NWS), and is currently undergo- 
ing testing in a true real-time environment. (Au- 
thor’s abstract) 

W90-09792 


ESTIMATION OF RUNOFF-ROUTING 
MODEL PARAMETERS USING INCOMPATI- 
BLE STORM DATA. 

Newcastle Univ. (Australia). Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2A. 
W90-09793 


MODELING THE EFFECTS OF UNSATURAT- 
ED, STRATIFIED SEDIMENTS ON GROUND- 
WATER RECHARGE FROM INTERMITTENT 
STREAMS. 
California Univ., 
Board. 

M. E. Reid, and S. J. Dreiss. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 149-174, March 1990. 7 fig, 3 tab, 47 ref. 


Santa Cruz. Earth Sciences 


Descriptors: *Groundwater recharge, *Hydrologic 
budget, *Permeability, *River sediments, *Surface- 
groundwater relations, *Vadose water, Flow pat- 
tern, Mathematical equations, Sedimentation, Sim- 
ulation analysis, Stream discharge, Vadose zone. 


Unsaturated, stratified sediments beneath intermit- 
tent stream channels affect groundwater recharge 
from these streams. Transient, variably saturated 
flow in a two-dimensional (2-D) vertical cross- 
section between the stream and the underlying 
water table is simulated using four different cases 
of sedimentation. These cases include: homogene- 
ous sediments; low-permeability streambed sedi- 
ments; narrow, low permeability lenses; and exten- 
sive, low permeability layers. The permeability of 
the sediments in these cases greatly affects the 
timing and rate of channel loss and groundwater 
recharge. Flow patterns and the style of stream/ 
water table connection are controlled by the loca- 
tion and geometry of low permeability sediments. 
In cases with homogeneous sediments and narrow, 
low permeability layers, connection occurs by a 
water table mound building from below. The style 
of stream/water table connection suggests simpli- 
fied physically based interaction models that may 
be appropriate for these settings. Channel loss and 
groundwater recharge were computed using two 
simplified models, a Darcian seepage equation and 
the Green-Ampt infiltration equation, were com- 
pared with the results from the 2-D simulations. 
Simplified models using parameters from the 2-D 
simulations appear to perform well in cases with 
homogeneous and low permeability streambed 
sediments. In cases with low permeability lenses or 
layers, the simplified models require calibrated pa- 
rameters to perform well. (Author’s abstract) 
W90-09798 


TRANSFORMATION OF POLLUTION ALONG 
THE COURSE OF THE LUPAWA RIVER IN 
YEARS 1985-1986. 

Gdansk Univ. (Poland). Inst. of Oceanography. 
For primary bibliographic entry see Field 5B. 
W90-09810 


FLOOD OF JULY 1-2, 1987, IN NORTH-CEN- 
TRAL OHIO. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

R. I. Mayo, and J. P. Mangus. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-376, 1989. 16p, 6 fig, 5 ref. 


Descriptors: *Flood damage, *Flood data, *Flood 
profiles, *Ohio, Mohican River, Sandusky River, 
Scioto River. 


During the night of July 1 and early morning of 
July 2, 1987, an intense summer storm produced 
flooding on headwater streams of the Scioto, San- 
dusky, and Mohican Rivers in north-central Ohio. 
The heaviest flooding and resulting flood damage 
occurred in a five-county area in the north-central 
part of the state. From 3 to nearly 6 inches of rain 


fell in less than 10 hours on rain-saturated soil, and 
produced flooding resulting in more than $20 mil- 
lion in damages. Estimated peak discharges for 
several of the small streams affected ranged from 
one to two and a half times the magnitude of the 
50-year flood. (USGS) 

W90-09891 


ASSESSMENT OF THE POTENTIAL EFFECTS 
OF CLIMATE CHANGE ON WATER RE- 
SOURCES OF THE DELAWARE RIVER 
BASIN: WORK PLAN FOR 1988-90. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2B. 
W90-09894 


FLOOD OF JANUARY 1982 IN THE SAN 
FRANCISCO BAY AREA, CALIFORNIA. 
Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

J. C. Blodgett, and E. H. Chin. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 88-4236, 
1989. 46p, 9 fig, 8 tab, 12 ref. 


Descriptors: *California, *Flood recurrence inter- 
val, *Floods, *Precipitation, *San Francisco Bay, 
Flood frequency, Flood peak, Flooding, Orogra- 
phic precipitation, Precipitation intensity, Rainfall, 
Rainfall intensity, Rainstorms, Runoff volume. 


A major winter storm originating over the Pacific 
Ocean moved through central California in early 
January 1982. As much as 16 inches of rain feli in 
Marin County and 25 inches in the mountains 
bordering Santa Cruz County. The storm of Janu- 
ary 3-5, 1982 had a stable atmospheric structure, 
and the layer of moist maritime air was confined to 
altitudes between 50 and 700 ft; this phenomenon 
caused the rain to fall most heavily along the lower 
slopes of the coastal mountains. As a result of 
antecedent rainfall, streamflow in the San Francis- 
co Bay area exceeded normal from the end of 
October to the end of December 1981. For most 
streams, the January 1982 flood was the largest 
since the flood of December 1955, but it was not 
significantly large in comparison with historic 
peak-flow data. Damages associated with the storm 
were substantial, but flooding from stream runoff 
was not the major problem. Greater than normal 
antecedent rainfall, together with the prolonged 
heavy rain, liquified the supersaturated soil cover 
and caused numerous slope failures and debris 
flows on steep, unstable slopes. The median recur- 
rence interval of the 1982 peak for 66 streamflow- 
gaging stations in the San Francisco Bay area is 10 
years; for the 1955 flood, the median recurrence 
interval for 16 stations is 11 years. Streams with 
highest unit peak runoff were in the Santa Cruz 
Mountains and North Bay subareas. Median recur- 
rence intervals of flood volumes for durations of 1, 
3, and 8 consecutive days during the January 1982 
flood are 18, 11, and 8; these recurrence intervals 
are comparable to those of the December 1955 
flood, which are 13, 16, and 14 years. (USGS) 
W90-09898 


DETERMINATION OF FLOOD HYDRO- 
GRAPHS FOR STREAMS IN SOUTH CAROLI- 
NA: VOLUME 1. SIMULATION OF FLOOD 
HYDROGRAPHS FOR RURAL WATERSHEDS 
IN SOUTH CAROLINA. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

L. R. Bohman. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4087, 
1990. 53p, 1 plate, 14 fig, 16 tab, 23 ref. 


Descriptors: *Flood frequency, *Flood hydro- 
graphs, *Hydrograph analysis, *Rainfall-runoff re- 
lationships, *Runoff volume, *South Carolina, 
Lagtime, Risk analysis, Rural areas. 


A method is given for simulating a typical (aver- 
age) flood hydrograph corresponding to a peak 





discharge of specific recurrence interval for un- 
gaged rural basins having drainage areas less than 
500 sq mi in South Carolina. Dimensionless hydro- 
graphs were developed for three regions on the 
basis of 188 storm events at 49 stations that repre- 
sent a wide range of drainage area sizes and basin 
conditions. The design peak discharge and a basin 
lagtime (which has been adjusted to produce cor- 
rect hydrograph volume) are required to apply the 
technique. The standard errors of estimate for sim- 
ulated hydrograph widths at 50 and 75%, respec- 
tively, of observed stormflow were +/-14.1 and 
+/-18.3% for basins in the Blue Ridge physiogra- 
phic province, +/-29.2 and +/-36.2% for basins 
in the Piedmont province, and +/-17.8 and +/- 
22.8% for basins in the Coastal Plain provinces. 
mn 


OXYGEN-18 AND DEUTERIUM DISTRIBU- 
TION IN _ RAINF. RUNOFF AND 
GROUNDWATER IN A SMALL SEMI-ARID 
BASIN: THE ARAVAIPA VALLEY IN THE 
SONORA DESERT, ARIZONA. 

Ben-Gurion Univ. of the Negev, Sde Boker 
(Israel). Jacob Blaustein Inst. for Desert Research. 
For primary bibliographic entry see Field 2A. 
W90-09965 


RUNOFF HYDROGRAPH ANALYSIS IN AG- 
RICULTURAL WATERSHEDS BY OXYGEN-18, 
Universidade Estadual Paulista, Botucatu (Brazil). 
Faculdade de Ciencias Agronomicas. 

For primary bibliographic entry see Field 7B. 
W90-09981 


CONCLUSIONS FROM A TEN YEAR STUDY 
OF OXYGEN-18 IN PRECIPITATION AND 
RUNOFF IN SWEDEN. 

Uppsala Univ. (Sweden). Dept. of Hydrology. 

For primary bibliographic entry see Field 2A. 
W90-09985 


RIVER PROCESSES METHODOLOGICAL AP- 
PROACH: EXPERIENCE WITH THE RIVER 
MUSONE, ITALY. 

Florence Univ. (Italy). Dept. of Civil Engineering. 
For primary bibliographic entry see Field 2J. 
W90-09991 


INSTREAM HABITAT MODELING TECH- 
NIQUES. 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Environmental Lab. 

For primary bibliographic entry see Field 2H. 
W90-10009 


AQUATIC PLANT MANAGEMENT IN FLORI- 
DA. 


Florida Univ., Gainesville. Inst. of Food and Agri- 
cultural Sciences. 

For primary bibliographic entry see Field 4A. 
W90-10021 


AQUATIC WEED MANAGEMENT IN URBAN 
AND AGRICULTURAL CANALS USING TRI- 
PLOID GRASS CARP. 

Lee County Hyacinth Control District, Fort 
Myers, FL. 

For primary bibliographic entry see Field 4A. 
W90-10027 


ARCTIC WATER AVAILABILITY: DATA 
BASES TO MEET PRESENT AND FUTURE 
NEEDS. 


Bureau of Land Management, Fairbanks, AK. 
Arctic District. 

For primary bibliographic entry see Field 7C. 
W90-10071 


RECOMMENDATION OF FLUSHING FLOWS 
FOR MAINTENANCE OF SALMONID 
SPAWNING GRAVELS IN A STEEP, REGU- 
LATED STREAM. 


EA Engineering, Science, and Technology, Inc., 
Lafayette, CA. 

For primary bibliographic entry see Field 8I. 
W90-10085 


STREAMFLOW WATER-QUALITY NODE- 
STREAMFLOW MODEL FOR ASSESSING 
MINING-RELATED IMPACTS. 

In-Situ, Inc., Lakewood, CO. 

For primary bibliographic entry see Field 5B. 
W90-10088 


PREDICTING THE INFLUENCES OF POST- 
MINING CONDITIONS ON SURFACE AND 
GROUNDWATER RESOURCES. 

Applied Hydrology Associates, Inc., Denver, CO. 
For primary bibliographic entry see Field 4C. 
W90-10100 


SEDIMENT TRANSPORT AND UNIT STREAM 
POWER. 


Bureau of Reclamation, Denver, CO. Engineering 
and Research Center. 

For primary bibliographic entry see Field 2J. 
W90-10112 


ESTIMATING EXTREME LOG 
PEARSON TYPE 3 DISTRIBUTION. 

Saint Johns River Water Management District, 
Palatka, FL. 

For primary bibliographic entry see Field 7C. 
W90-10113 


IUH OF GENERAL HYDROLOGIC SYSTEM 
MODEL. 

Anna Univ., Madras (India). 

For primary bibliographic entry see Field 7C. 
W90-10115 


ECONOMIC EVALUATION OF URBAN 
FLOOD DAMAGE REDUCTION PLANS. 

Texas A and M Univ., College Station. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 6C. 
W90-10117 


MODELING ORGANIC POLLUTION OF 
STREAMS. 


Ministry of Works and Development, Hamilton 
(New Zealand). Water Quality Centre. 

For primary bibliographic entry see Field 5B. 
W90-10126 


TRACE CONTAMINANTS IN 

Geological Survey, Menlo Park, CA. 

For primary bibliographic entry see Field 5B. 
W90-10130 


ee OF THE LONGITUDINAL 
W VELOCITY FIELD IN THE CROSS SEC- 
TION OF CYLINDRICAL 


CHANNELS. 
For primary bibliographic entry see Field 8B. 
W90-10152 


PATTERN AND ORIGIN OF STEPPED-BED 

MORPHOLOGY IN HIGH-GRADIENT 
. WESTERN CASCADES, OREGON. 

Pacific Northwest Forest and Range Experiment 

Station, Corvallis, OR. Forestry Sciences Lab. 

For primary bibliographic entry see Field 2J. 

W90-10178 


Y. 
Rutgers - The State Univ., Camden, NJ. Dept. of 
Biology. 
For primary bibliographic entry see Field 5B. 
W90-10193 


WATER CYCLE—Field 2 


Streamflow and Runoff—Group 2E 


EFFECTS OF ROAD DEICING SALT ON 
CHLORIDE LEVELS IN FOUR ADIRONDACK 
STREAMS. 


State Univ. of New York Coll. of Environmental 
Science and Forestry, Newcomb. Adirondak Eco- 
logical Center. 

For primary bibliographic entry see Field 5B. 
W90- 10204 


DYNAMICS OF AQUATIC HYPHOMYCETES 
IN AN EASTERN MOROCCAN STREAM. 
Mohamed-1 Univ., Oujda (Morocco). Dept. de 
Biologie. 

For primary bibliographic entry see Field 2H. 
W90-10259 


WOODY DEBRIS, SEDIMENT, AND RIPARI- 
AN VEGETATION OF A SUBALPINE RIVER, 
MONTANA, U.S.A. 

Iowa Univ., Iowa City. Dept. of Geography. 

For primary bibliographic entry see Field 2J. 
W90-10264 


MONITORING FLOODS WITH AVHRR. 
Commonwealth Scientific and Industrial Research 
Organization, Aspendale (Australia). Div. of At- 
mospheric Research. 

I. J. Barton, and J. M. Bathols. 

Remote Sensing of the Environment RSEEA7, 
Vol. 30, No. 1, p 89-94, 1989. 6 fig, 2 tab. 


Descriptors: *Darling River, *Flood flow, *Radio- 
metry, *Remote sensing, *Satellite technology, 
Australia, Data acquisition, Flood channels, Flood 
spreading, Infrared imagery. 


During 1988 the movement of a flood down the 
Darling River in central eastern Australia was 
monitored using Advanced Very High Resolution 
Radiometer (AVHRR) imagery. During the obser- 
vation period the thermal channels at night gave 
better contrast between the flood and the sur- 
rounding land than the visible and near infrared 
channels during the day. The slow movement of 
the flood front is typical of floods in central Aus- 
tralia, where the fall of the rivers from catchment 
areas to the sea is small. The AVHRR is suitable 
for monitoring such floods as there is typically 
very little cloud cover over the area and, during 
the night, the contrast between the water tempera- 
ture and the surrounding land is large. Although 
the spatial resolution of the AVHRR is 1 km, it has 
been possible to make some estimate of the area 
covered by the flood. (Author’s abstract) 
W90-10306 


DROUGHT: CONSEQUENCES ON NATURAL 

SURROUNDINGS, HEALTH, AND THE ENVI- 

RONMENT (LA SECHERESSE: CONSE- 

QUENCES SUR LE MILIEU, SALUBRITE, EN- 
VIRONNEMENT). 

Agence de Bassin Rhone-Mediterranee-Corse, 

Pierre-Benite (France). 

P. Balland. 

Houille Blanche HOBLAB, Vol. 1990, No. 2, p 

103-117, 1990. 11 fig, 1 tab, 10 ref. English summa- 

ry. 


Descriptors: *Aquatic environment, *Drought ef- 
fects, *Environmental effects, *Water pollution 
sources, *Water quality, Aquatic life, Coastal la- 
goons, Drinking water, Ecosystems, Estuarine en- 
vironment, Eutrophication, Flow rates, Ground- 
water quality, Marine pollution, Public health, 
Temperature effects, Water conservation, Water 
level fluctuations, Water policy, Water use. 


Different aspects of drought effects are illustrated 
and possible measures to reduce these effects, espe- 
cially as regards pollution, are examined. A pro- 
longed drought leads to a significant drop in water 
flow rates in aquatic environments the conse- 
quences of which are: an increase in the average 
concentration levels of pollutants, direct changes 
in processes such as sedimentation, and superficial 
re-aeration with an impact on aquatic ecosystems. 
There may be indirect effects on some chemical 
processes linked to increase in temperature. More- 





Field 2—WATER CYCLE 


Group 2E—Streamflow and Runoff 


over, the reduction in quantities of fresh water can 
have an effect on some aquatic communities in 
estuary and lagoon environments and further in- 
crease the amount of time the water spends in 
stagnant environments, with possible consequences 
on the intensity of processes such as eutrophica- 
tion. Finally, there may be an impact on the quality 
of underground water following the appearance of 
drought conditions that reduce the amount of 
water exchange with the aquifer. A coherent, fore- 
sighted water-management policy provides at least 
partial compensation for climatic hazard. It is es- 
sential to preserve or even increase the natural 
capacity of the environment to resist a prolonged 
rainfall deficit. Water conservation should start 
where water is used as a receptacle for wastes. 
Increased levels of treatment should be provided 
to improve the purification efficiency when envi- 
ronmental receiving capacities are diminished. Fi- 
nally, in the case of drinking water, diversification 
of the supply is the major response to scarcity of 
the resource. (Dublin-PTT) 

W90-10328 


INFLUENCE OF THE HYDRAULIC CHARAC- 
TERISTICS OF RIVER REACHES ON THE 
PROPAGATION OF FLOOD PEAKS (INFLU- 
ENCE DES CARACTERISTIQUES HYDRALI- 
QUES DES BIEFS SUR LA PROPAGATION 
DES POINTES DE CRUE). 

M. Bastista, and C. Michel. 

Houille Blanche HOBLAB, Vol. 1990, No. 2, p 
141-148, 1990. 5 fig, 2 tab, 10 ref. English summa- 
ry. 


Descriptors: *Flood peak, *Hydraulic properties, 
*Mathematical models, *Reach, *River mechanics, 
*Wave propagation, Flood forecasting, Hydraulic 
geometry, Hydraulic roughness, Hydrologic data, 
Parameterization, River forecasting, Roughness 
coefficient. 


In studies of the hydrology of the natural environ- 
ment, it is often necessary to accept approximate 
results due to the uncertain nature of hydrological 
information. Moreover, very often only the factors 
increasing and reducing flood peaks are of interest, 
whereas the shape of the peaks is of secondary 
importance. Resolution of this type of problem was 
attempted, using certain simplifications. A simple, 
rapid method which retains the main variables and 
gives an initial estimation of the main elements of 
the propagation of a wave is presented. To repre- 
sent a reach, a large rectangular section character- 
ized by its length, roughness, and slope was adopt- 
ed. If flows per unit length are used, the length 
parameter no longer need be explicit and a reach 
can be characterized by roughness and slope alone. 
To allow generalization of the results, a sufficient 
variety of representative values of these parameters 
was chosen. For the Strickler coefficient of rough- 
ness the values used were 15, 30, and 50 and for 
slope, 0.00002, 0.00010, 0.00050, and 0.00200. The 
combination of these two parameters thus allowed 
the study of 12 reaches which were hydraulically 
different enough to be representative of real 
streams and canals. Using the model, a number of 
practical problems may be simplified--for example 
the impact on flood peaks of river development, as 
indicated by the increase of the average value of 
the Strickler coefficient. (Dublin-PTT) 

W90-10329 


MODELLING GEOMORPHOLOGICAL SYS- 
TEMS. 


For primary bibliographic entry see Field 2J. 
W90-10334 


APPLICATIONS OF CATASTROPHE THEORY 
IN FLUVIAL GEOMORPHOLOGY. 

Arizona State Univ., Tempe. Dept. of Geography. 
For primary bibliographic entry see Field 2J. 
W90-10336 


— MODELS IN GEOMORPHO- 
OGY. 
Virginia Univ., Charlottesville. Dept. of Environ- 


mental Sciences. 
For primary bibliographic entry see Field 2J. 


W90-10337 


NETWORK MODELS IN GEOMORPHOLOGY. 
State Univ. of New York at Buffalo. Dept. of 
Geography. 

For primary bibliographic entry see Field 2J. 
W90-10338 


MATHEMATICAL MODELS OF CHANNEL 
MORPHOLOGY. 

University of East Anglia, Norwich (England). 
Schoo! of Environmental Sciences. 

For primary bibliographic entry see Field 2J. 
W90-10339 


FLOW PROCESSES AND DATA PROVISION 
FOR CHANNEL FLOW MODELS. 

Newcastle upon Tyne Univ. (England). Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 2J. 
W90-10340 


HYDROLOGY AND SEDIMENT MODELS. 
Commonwealth Scientific and Industrial Research 
Organization, Alice Springs (Australia). Div. of 
Wildlife and Rangelands Research. 

For primary bibliographic entry see Field 2J. 
W90-10341 


MODELS OF SEDIMENT TRANSPORT IN 
NATURAL STREAMS. 


Leeds Univ. (England). School of Geography. 
For primary bibliographic entry see Field 2J. 
W90-10342 


STOCHASTIC MODELS OF SEDIMENT 
YIELD. 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 25. 
W90-10343 


MODELLING EROSION ON HILLSLOPES. 
Agricultural Research Service, Tucson, AZ. 
Southwest Watershed Research Center. 

For primary bibliographic entry see Field 2J. 
W90-10344 


MODELLING LANDFORM CHANGE, 
Technische Hochschule Aachen (Germany, F.R.). 
Lehrstuhl fuer Geographie und Geographisches 
Inst. 

For primary bibliographic entry see Field 2J. 
W90-10346 


ANALYSIS AND ESTIMATION OF RUNOFF 
IN THE BINGGOU BASIN OF THE QILIAN 
MOUNTAINS. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

Z. Yang, and Z. Yang. 

IN: Snow Cover and Glacier Variations. Proceed- 
ings of a Symposium held in Baltimore, Maryland, 
May 10-19, 1989. [AHS Publication No. 183. Inter- 
national Association of Hydrological Sciences, 
Washington, DC. 1989. 2 fig, 2 tab, 7 ref. 


Descriptors: *Frozen ground, *Groundwater 
runoff, *Runoff forecasting, *Surface runoff, *Sur- 
face-groundwater relations, China, Mathematical 
models, Mountains, Stream runoff, Thawing. 


The thawed depth of frozen soil changes with 
season and is one of the main factors affecting 
runoff in cold regions. In the Binggou Basin, the 
thawed depth of frozen soil is shallow in spring. 
The proportions of surface runoff and interflow 
that supply surface streams during this time are 
about 45 and 55% respectively. As a result of 
increasing thawed depth after spring, 7.5, 65 and 
27.5% of the stream runoff is supplied by surface 
runoff, interflow and groundwater runoff respec- 
tively. In addition, results from simulating inter- 

iow and groundwater runoff with a linear reser- 


20 


voir model show that the storage constant K is 
variable with season. The K for interflow is equal 
to 8 in spring and then rises to 11 after spring. _ 
contrast, the K for groundwater runoff is 
summer and autumn. (See also W90-10374) (Au. 
thor’s abstract) 

W90-10379 


RECENT VARIATIONS OF GLACIERS AND 
THE INFLUENCE OF CLIMATE AND GLA- 
CIER FLUCTUATIONS ON RUNOFF IN 
CHINA. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2C. 
W90-10380 


SIMULATION OF THE STOCHASTIC PROC- 
ESSES OF MELT RUNOFF FROM HEIGOU 
GLACIER ON MOUNT BOGEDA, CHINA. 
Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2C. 
W90-10382 


RESERVOIR OPERATIONS PLANNING IN 
SNOWMELT RUNOFF REGIMES BASED ON 
SIMPLE RULE CURVES. 

Soil Conservation Service, Portland, OR. 

For ony bibliographic entry see Field 4A. 

W90- 10436 


SEASONAL SNOW AND AUFEIS IN ALASKA’S 
TAIGA, 


Pacific Northwest Forest and Range Experiment 
Station, College, AK. Inst. of Northern Forestry. 
For primary bibliographic entry see Field 2C. 
W90-10445 


PROBLEMS ENCOUNTERED AND METHODS 
USED IN THE U.S. GEOLOGICAL SURVEY 
FOR THE COLLECTION OF STREAMFLOW 
DATA UNDER ICE COVER. 

—" Survey, Reston, VA. Water Resources 


For primary bibliographic entry see Field 7B. 
W90- 10449 


SIMPLIFIED METHOD OF MEASURING 
STREAM SLOPE. 


Alaska Cooperative Fishery Research Unit, Fair- 
banks 


For primary bibliographic entry see Field 7B. 
W90-10450 


WATER "Ss wae RELATION- 
SHIPS YUKON RIVER BASIN, 
CANADA... 


Inland Waters Directorate, Vancouver (British Co- 
lumbia). Water Quality Branch. 

P. H. Whitfield, and W. G. Whitley. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
“— re Maryland. 1986. p 149-156, 11 

ig, 15 re 


Descriptors: *Classification, *Cold regions, *Cold 
regions hydrology, *Flow discharge, *Water qual- 
ity, *Yukon River Basin, Canada, Hysteresis, Sta- 
tistical analysis, Streamflow. 


Weekly and biweekly water quality samples were 
collected at ten sites throughout the por- 

tion of the Yukon. River Basin during 1982-1983. 
The relationships between the water quality varia- 
bles and Page y are examined. A system of 
classification of these relationships with potential 
causal relationships is proposed. The classification 
system described here is consistent with mecha- 
nisms postulated for each grouping, and these 
mechanisms are relevant processes in determining 
water quality in this subarctic region. .Variables 
associated with erosion demonstrate a positive re- 
lationship to discharge and a strong leading hyster- 





esis. The dominance of groundwater in controlling 
the concentrations of many variables is reflected 
statistically in broad open loops with negative 
slopes. Some variables were observed to be inde- 
pendent of discharge, and some of these also dem- 
onstrated hysteresis. (See also W90-10434) (Lantz- 


PTT) 
W90-10451 


DISCHARGE UNDER AN ICE COVER. 
Michigan Technological Univ., Houghton. Dept. 
of Civil Engineering. 


For primary bibliographic entry see Field 7B. 
W90-10464 


METHODOLOGY FOR ESTIMATING DESIGN 
PEAK FLOWS FOR YUKON TERRITORY. 
Department of Indian Affairs and Northern Devel- 
opment, Whitehorse (Yukon Territory). Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
W90-10469 


OF SEASONALLY FROZEN 
GROUND IN SNOWMELT MODELING. 
Norsk Hydroteknisk Lab., Trondheim. 
K. Sand, and D. L. Kane. 
IN: Proveedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
Pg i a Maryland. 1986. p 321-327, 6 fig, 

, 10 ref. 


Descriptors: *Cold regions, *Frozen ground, 
*Model studies, ‘*Rainfall-runoff relationships, 
*Runoff, *Snowmelt, Frost, Hydrologic models, 
Infiltration, Seasonal variation, Simulation analysis, 
Soil water, Sweden. 


The Swedish HBV-3 runoff model was used for 
simulations of runoff during snowmelt periods in 
the Chena River Basin in interior Alaska. The 
model was calibrated using data from 1969-1974. 
The initial simulations showed a poor ability to 
simulate both snowmelt runoff and rainfall runoff 
events. Because frozen soils have much lower infil- 
tration and storage capacities than unfrozen soils, 
the soil moisture routine in the model was modified 
to accept seasonally varying soil parameters. This 
modification substantially improved the runoff sim- 

ulations. The model was tested with meteorologi- 
cal data from 1982-1985 using the modified soil 
moisture routine. The simulations in the test period 
were of approximately the same prediction quality 
as the simulations in the calibration period, and 
provided good estimates of runoff generated by 
both snowmelt and rainfall. (See also W90-10434) 
(Author’s abstract) 

W90-10470 


IN THE UPPER SUSITNA AND MA\ 
RIVER BASINS, 

Alaska Univ., Fairbanks. Geophysical Inst. 
For primary bibliographic entry see Field 2C. 
W90-10471 


SOME ASPECTS OF GLACIER HYDROLOGY 
CLAREN 


REGIONAL DISTRIBUTION OF STREAM 
ICINGS IN ALASKA. 
Alaska Univ., Fairbanks. Geophysical Inst. 


For ory bibliographic entry see Field 2C. 
W90-10472 


WATER FLOW RATES, POROSITY, AND PER- 
MEABILITY IN SNOWPACKS IN THE CEN- 
TRAL SIERRA NEVADA. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 


For oe bibliographic entry see Field 2C. 
W90-104 


MEASUREMENTS OF SNOW LAYER WATER 
RETENTION. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA. 

For primary bibliographic entry see Field 7B. 


W90-10477 


RIVERBANK EROSION PROCESSES ON THE 
YUKON RIVER AT GALENA, ALASKA. 

R and M Consultants, Inc., Anchorage, AK. 

For primary bibliographic entry see Field 2J. 
W90-10481 


ROLE OF GLACIERIZED BASINS IN ALAS- 
KAN HYDROLOGY. 
Alaska Univ., Fairbanks. Geophysical Inst. 


For primary bibliographic entry see Field 2C. 
W90-10486 


FREEZEUP PROCESSES ALONG THE SU- 
SITNA RIVER, ALASKA. 

R and M Consultants, Inc., Anchorage, AK. 

For primary bibliographic entry see Field 2C. 
W90-10497 


ICE JAMS IN REGULATED RIVERS 
ph ge EXPERIENCES AND PREDIC. 
TIONS. 

For primary bibliographic entry see Field 2C. 
W90-10499 


2F. Groundwater 


MANAGING GROUNDWATER POLLUTION 
FROM AGRICULTURE RELATED SOURCES: 
AN ECONOMIC ANALYSIS. 

on State Univ., Corvallis. Dept. of Agricul- 
oa and Resource Economics. 
For primary bibliographic entry see Field 6B. 
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WATER-RESOURCES APPRAISAL OF THE 

LAKE TRAVERSE INDIAN RESERVATION IN 

SOUTH DAKOTA. 

— Survey, Huron, SD. Water Resources 
Vv. 

S. J. Lawrence. 

Available from Books and Open-File Report Sec- 

tion, USGS, Box 25425, Denver, CO 80225. USGS 

Water-Resources Investigations Report 88-4031, 

1989. 42p, 20 fig, 5 tab, 17 ref. 


Descriptors: *Groundwater, *Lake Traverse 
Indian Reservation, *South Dakota, *Surface 
water, *Water quality, *Water resources data. 


The water resources within the Lake Traverse 
Indian Reservation consist of streams, lakes, wet- 
lands, and groundwater stored in alluvium and 
glacial outwash deposits. Streamflow may cease 
during dry periods and during the winter. Lakes 
and ponds within the reservation are found pre- 
dominantly within an internally drained basin. Dis- 
solved-solids concentrations in the lakes generally 
range from 500 to 10,000 mg/L. Dissolved-solids 
concentrations in the streams generally ranging 
from 500 to 1,000 mg/L. However, nutrient con- 
centrations tend to be larger than natural back- 
ground levels in both lakes and streams and indi- 
cate unidentified sources of nutrients that effect the 
quality of water. Major development of surface- 
water resources is hindered by the lack of storage 
capacity within the numerous lakes, the lack of 
sustained streamflow, and the lack of suitable sites 
for construction or reservoirs. Water within the 
Coteau des Prairies, a glacial upland, occurs in 
outwash deposits. The sand and gravel deposits in 
the Coteau may be as thick as 70 ft. The quality of 
water from these aquifers generally is suitable for 
most uses, with calcium, magnesium, and bicarbon- 
ate the dominant ions. Water in sand and gravel 
deposits within the Red River and Minnesota 
River lowlands tends to have larger concentrations 
of dissolved solids than the sand and gravel depos- 
its in the Coteau des Prairies. The quality of water 
in these deposits tends to be more mineralized than 
water in the sand and gravel deposits in the Coteau 
des Prairies. The regional flow of groundwater 
generally is to the east towards the Minnesota and 
Red River basins and west in the Coteau des 
Prairies. (USGS) 
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POTENTIAL FOR SALTWATER INTRUSION 
INTO THE UPPER FLORIDAN AQUIFER, 
HERNANDO AND MANATEE COUNTIES, 
FLORIDA. 

—* Survey, Tampa, FL. Water Resources 

Vv. 

For primary bibliographic entry see Field 5B. 
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WATER RESOURCES DATA, 
WATER YEAR 1988. 


Geological Survey, Teceos, AZ. 
For primary bibliographic entry see Field 7C. 
W90-09531 


ARIZONA, 


WATER RESOURCES DATA, WASHINGTON, 
WATER YEAR 1988. 

Geological Survey, Tacoma, WA. Water Re- 
sources Div. 

For — bibliographic entry see Field 7C. 
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GROUND-WATER INFLOW TO THE DES- 
CHUTES RIVER NEAR THE WARM SPRINGS 
a RESERVATION, OREGON, AUGUST 
1985. 

Geological Survey, Portland, OR. Water Re- 
sources Div. 

E. L. Bolke, and A. Laenen. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 88-4184, 
1989. 18p, 5 fig, 16 ref, 1 pl. 


Descriptors: *Deschutes River, *Oregon, *Stream- 
flow, *Surface-groundwater relations, Digital 
models, Groundwater, Groundwater movement. 


Groundwater inflow to the Deschutes River near 
the Warm Springs Indian Reservation in Oregon 
was estimated for August 1985 by: (1) measuring 
streamflow at various sites along the river; (2) 
determining the part of the streamflow that is 
groundwater inflow; and (3) analyzing the hydrau- 
lic gradients of the groundwater flow system to 
estimate the amount of groundwater discharge to 
the Deschutes River from both sides of the river. 
Results of the streamflow analysis indicated that 
the Deschutes River gained 415 cu ft/sec between 
Round Butte Dam and Dant in August 1985. Re- 
sults of the analysis on hydraulic gradients of the 
groundwater flow system showed that the amount 
of groundwater inflow from the west side ranged 
from about 207 to 216 cu ft/sec, and groundwater 
inflow from the east side ranged from about 199 to 
207 cu ft/sec. Streamflow measurements in Sep- 
tember 1985 along the Metolius River from the site 
above Jefferson creek to the site below Camp 
Creek indicated a gain of 70 cu ft/sec. From the 
site below Camp Creek to the gage above Lake 
Billy Chinook the results of discharge measure- 
ments showed a loss of 112 cu ft/sec. Because of 
lack of groundwater hydraulic-head and lithologic 
data, no analysis of the groundwater flow system 
near the Metolius River was attempted. (USGS) 
W90-09533 


GEOHYDROLOGIC DATA FOR SELECTED 
SPRINGS IN EASTERN NEVADA THROUGH 
1982, WITH EMPHASIS ON WHITE PINE 
COUNTY. 


Geological Survey, Carson City, NV. Water Re- 
sources Div. 

A. Pupacko, D. B. Wood, and R. P. Williams. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 88-712, 1990. 45p, 1 fig, 3 tab, 13 
ref, 2 pl. 


Descriptors: *Data collections, *Hydrologic data, 
*Nevada, *Springs, *Water quality, *Water re- 
sources data, Carbonate rocks, Carbonate terrane, 
White Pine County. 





Field 2—WATER CYCLE 


Group 2F—Groundwater 


Discharge and water-chemistry data for springs in 
eastern Nevada, with an emphasis on White Pine 
County, are compiled and tabulated. Discharge 
data for springs emanating from the deep carbon- 
ate rocks are included. The report contains: (1) 
miscellaneous discharge measurements for 131 se- 
lected springs in White Pine County and vicinity; 
(2) selected water quality data for 557 sampled 
springs in White Pine County and vicinity; and (3) 
discharge data for 42 regional springs in the east- 
ern Nevada carbonate-rock system. (USGS) 
W90-09534 


HYDROLOGIC ACTIVITIES OF THE U.S. GE- 
OLOGICAL SURVEY IN SUPPORT OF THE 
RADIONUCLIDE MIGRATION PROGRAM, 
NEVADA TEST SITE AND VICiNITY, NYE 
COUNTY, NEVADA, FISCAL YEAR 1987. 
Geological Survey, Carson City, NV. Water Re- 
sources Div. 

W. B. Scott. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 90-105, 1990. 13p, 3 fig, 6 tab, 2 
ref. 


Descriptors: *Groundwater movement, *Nevada 
Test Site, *Path of pollutants, *Radioactive waste 
disposal, Geohydrology, Nye County, Water level. 


Hydrologic activities during the 1987 fiscal year by 
the U.S. Geological Survey in support of the Radi- 
onuclide Migration Program at the Nevada Test 
Site are summarized. These activities included 
monitoring groundwater levels; compiling and en- 
tering geohydrologic data into the U.S. Geological 
Survey computerized groundwater database; pro- 
viding technical support to the Radionuclide Mi- 
gration Committee and the Containment Evalua- 
tion Panel; and the planning, drilling, and sampling 
of the UE20n-1 hole. Groundwater levels were 
monitored continuously at 2 wells and intermittent- 
ly at 36 selected wells, test holes, and emplacement 
holes. Selected monthly water-level measurements 
are listed for the continuously monitored wells and 
intermittent measurements are listed for the select- 
ed wells, test holes, and emplacement holes. 
Progress continued on four groundwater hydrolo- 
gy reports of the Nevada Test Site area. (Thacker- 
USGS, WRD 
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GROUND-WATER LEVELS IN 
SPRING 1989, 

Geological Survey, Little Rock, AR. Water Re- 
sources Div 

P. W. Westerfield, and G. J. Gonthier. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 90-121, 1990. 69 p, 5 fig, 41 ref. 


ARKANSAS, 


Descriptors: *Arkansas, *Groundwater level, *Hy- 
drologic data, *Water resources data, Aquifers, 
Data collections, Well hydrographs. 


Groundwater level measurements were made in 
527 wells in Arkansas in the spring of 1989. These 
data are listed in tables by aquifer and then by 
county. For each well, the altitude of the land 
surface, the date of measurement, the depth to the 
water surface, and the altitude of the water surface 
are reported. Also reported are the net changes in 
water levels between 1988 and 1989 and between 
1984 and 1989. This report also contains maps 
showing the average water level change, by 
county, between the years 1984 and 1989 for the 
aquifers in the Quaternary deposits and in the 
Sparta Quaternary deposits and in the Sparta and 
Memphis Sands. The aquifers in the Quaternary 
deposits and in the Sparta and Memphis Sands are 
important in eastern and southern Arkansas for 
agricultural, municipal, and industrial use. Water 
level data contained in this report showed an aver- 
age decline of 1.86 ft in the aquifer in the Quater- 
nary deposits, for the 27 most heavily irrigated 
counties of eastern Arkansas, and an average de- 
cline of 4.06 ft in the aquifer in the Sparta and 
Memphis Sands between the years 1984 and 1989. 
(USGS) 
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GROUND-WATER USE BY — SUPPLY 
SYSTEMS IN TENNESSEE IN 198: 

Geological Survey, Nashville, TN. Water Re- 
sources Div. 

For primary bibliographic entry see Field 6D. 
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ESTIMATING PUMPING TIME 
GROUND-WATER WITHDRAWALS 
ENERGY-CONSUMPTION DATA. 
Geological Survey, Denver, CO. Water Resources 
Div. 

R. T. Hurr, and D. W. Litke. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4107, 
1990. 27p, 11 fig, 5 tab, 20 ref. USGS Project 
C0007. 


AND 
USING 


Descriptors: *Data acquisiion, *Groundwater, 
*Water use, *Withdrawal, Energy-consumption. 


Evaluation of the hydrology of an aquifer requires 
knowledge about the volume of groundwater in 
storage and also about the volume of groundwater 
withdrawals. Totalizer flow meters may be in- 
stalled at pumping plants to measure withdrawals; 
however, it generally is impractical to equip all 
pumping plants in an area with meters. A viable 
alternative is the use of rate-time methods. Rate- 
time methods may be used at individual pumping 
plants to decrease the data collection necessary for 
determining withdrawals. At sites where pumping- 
time measurement devices are not installed, pump- 
ing time may be determined on the basis of energy 
consumption and power demand. At pumping 
plants where energy consumption is metered, data 
acquired by reading of meters is used to estimate 
pumping time. Care needs to be taken to read these 
meters correctly. At pumping plants powered by 
electricity, the calculations need to be modified if 
transformers are present. At pumping plants pow- 
ered by natural gas, the effects of the pressure- 
correction factor need to be included in the calcu- 
lations. At pumping plants powered by gascline, 
diesel oil, or liquid petroleum gas, the geometry of 
storage tanks needs to be analyzed as part of the 
calculations. The relation between power demand 
and pumping rate at a pumping plant can be de- 
scribed through the use of the power-consumption 
coefficient. Where equipment and hydrologic con- 
ditions are stable, this coefficient can be applied to 
total energy consumption at a site to estimate total 
groundwater withdrawals. Random sampling of 
power consumption c«efficients can be used to 
estimate area-wide groundwater withdrawal. 


GEOLOGY AND GROUND-WATER _RE- 
SOURCES OF THE FORT PILLOW SAND IN 
WESTERN TENNESSEE. 
Geological Survey, Nashville, TN. 
sources Div. 

W. S. Parks, and J. K. Carmichael. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4120, 
1989. 20 p, 8 fig, 4 tab, 24 ref, 2 pl. 


Water Re- 


Descriptors: *Aquifers, *Geohydrology, *Ground- 
water, *Groundwater availability, *Tennessee, 
*Water quality, Aquifer characteristics, Fort 
Pillow Aquifer, Fort Pillow Sand, Geologic for- 
mations, Geology, Groundwater movement, 
Groundwater recharge, Potentiometric level, Stra- 
tigraphy, Structural geology, Water level fluctua- 
tions, Water supply development. 


To Fort Pillow Sand of the Wilcox Group of 
Tertiary age underlies approximately 7,700 sq mi in 
western Tennessee. The formation consists primar- 
ily of very fine to very coarse sand that locally 
contains minor lenses or beds of clay or silt. The 
Fort Pillow Sand ranges from 0 to 350 ft in thick- 
ness. Recharge to the Fort Pillow aquifer generally 
is from precipitation on the outcrop and by down- 


. ward infiltration of water from the overlying fluvi- 


al deposits of Tertiary and Quaternary age and 
alluvium of Quaternary a; > Long-term data indi- 
cate that water levels in the Fort Pillow aquifer in 


areas affected by pumping have declined at aver- 
age rates ranging from 0.4 to 0.9 ft/year during the 
period 1945-83. The water generally is a sodium 
bicarbonate type that contains low concentrations 
of most major constituents and generally is suitable 
for most uses. Dissolved solids concentrations 
ranged from 20 to 143 mg/L. Twenty-four aquifer 
tests made during the period 1932-61 indicate that 
transmissivities average about 13,100 sq ft/day at 
Memphis and about 10,000 sq ft/day at Jackson. 
Storage coefficients at these locations average 
about 0.0002 and 0.0015, respectively. The Fort 
Pillow aquifer presently provides moderate to 
large quantities of water to several public and 
industrial well fields and small quantities to numer- 
ous domestic and farm wells. Withdrawal for 
public and industrial supplies in 1983 gpg 
about 10.6 million gal/day. The Fort Pillow 

fer is widespread and virtually sos and 
much potential for future use. (USGS 
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IN SITU BIORECLAMATION OF CONTAMI- 
NATED GROUNDWATER. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5G. 
W90-09557 


GROUNDWATER CATION CONCENTRA- 


TIONS IN THE RIPARIAN ZONE OF A FOR- 
ESTED HEADWATER STREAM. 

York Univ., Toronto (Ontario). Dept. of Geogra- 
phy. 

For primary bibliographic entry see Field 2K. 
W90-09776 


ONE-DIMENSIONAL DISPERSION IN UN- 
STEADY FLOW IN AN ADSORBING POROUS 
MEDIUM: AN ANALYTICAL SOLUTION. 
Banaras Hindu Univ., Varanasi (India). Dept. of 
Mathematics. 

For primary bibliographic entry see Field 5B. 
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GEOCHEMICAL AND ISOTOPIC STUDY OF 
GROUNDWATER FLOW PATHS IN A VOL- 
CANIC AREA UNDER SEMI-ARID CLIMATIC 
CONDITIONS (EXEMPLE D’ETUDE GEOCHI- 
MIQUE ET ISOTOPIQUE DE CIRCULATIONS 
AQUIFERES EN TERRAIN VOLCANIQUE 
SOUS CLIMAT SEMI-ARIDE). 

Paris-11 Univ., Orsay (France). Lab. d’Hydrologie 
et de Geochemie Isotopique. 

A. Gasparini, E. Custodio, J. C. Fontes, J. 
Jimenez, and J. A. Nunez. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 61-91, March 1990. 13 fig, 9 tab, 36 ref. 
English summary. 


Descriptors: *Groundwater movement, *Ground- 
water recharge, *Isotope studies, *Semiarid cli- 
mates, *Tracers, *Water chemistry, Aquifer char- 
acteristics, Canary Islands, Carbon radioisotopes, 
Hydrogen isotopes, Mineralization, Oxygen iso- 
topes, Precipitation, Volcanic springs. 


A hydrochemical and isotopic study of a ground- 
water flow system in volcanic media has been 
carried out in the southern part of Gran Canaria 
(Canary Islands). Monthly samples of precipitation 
were collected over a two-year period at stations 
distributed all over the island. Sampling of ground- 
water took place mainly from drillholes in the 
Amurga phonolitic massif but also from wells and 
springs discharging from the volcanic and related 
detrital formations. The delta H2 vs. delta O18 
relationship of the precipitation is close to the 
‘global meteoric water line.’ Two distinct altitudi- 
nal isotopic gradients are observed. On the warm 
and dry southern slope, the combination of a con- 
tribution of saharan dusts and seasprays and of 
partial evaporation explains the high content of 
dissolved salts in precipitation. Additional process- 
es may be invoked as sources of groundwater 
mineralization: leaching of silicate minerals during 
infiltration and/or from hydrolysis during the long 
residence time of the waters in the volcanic rocks. 





Salt content is increased through a concentration 
of the percolation solutions by evaporation. The 
groundwater in the phonolitic aquifer is well dif- 
ferentiated from the deeper groundwater, which is 
recharged at an altitude of about 1000 m above sea 
level, or even less, if exceptional episodes of rain 
have a lower heavy isotope content. The interpre- 
tation of the C13 contents of soil CO2, sampled 
throughout the area, and of the C13 and C14 
contents of total dissolved inorganic carbon leads 
to the concept of an incorporation of pure biogenic 
carbon under open-system conditions. For this 
groundwater, high estimates of residence time can 
be calculated from the low C14 activities. (Au- 
ty abstract) 


VADOSE-ZONE RECHARGE AND WEATHER- 
ING IN AN EOCENE SAND DEPOSIT, EAST 
TEXAS, U.S.A. 

Texas Univ. at Austin. Bureau of Economic Geol- 


ogy. 

A. R. Dutton. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 93-108, March 1990. 9 fig, 3 tab, 36 ref. 


Descriptors: *Geochemistry, *Geohydrology, 
*Groundwater recharge, *Sand aquifers, *Vadose 
water, *Weathering zone, Clay minerals, Ions, Sili- 
cates, Texas, Vadose zone. 


The vadose, or unsaturated, zone of subsurface 
water lying between the land surface and the water 
table is a dynamic hydrogeologic environment in 
humid climates, with varying water contents and 
flow rates. Geochemical processes in the vadose 
zone are relevant to groundwater hydrology be- 
cause they determine the initial chemical charac- 
teristics of groundwater in shallow aquifers. How- 
ever, there are few field studies of the natural 
water system in the vadose zone with which to 
evaluate geochemical models of weathering. 
Weathering of terrigenous sand in the vadose zone 
of the Eocene Calvert Bluff Formation in Free- 
stone County, Texas, appears to be controlled by 
vadose-water flow rate and kinetics of dissolution 
and precipitation of silicate minerals. Feldspar 
grains more commonly appear corroded by sur- 
face-reaction-controlled dissolution than argillized 
in situ. Kaolinite and smectite, which most likely 
precipitated from silica-rich vadose water, coat 
remaining framework grains. Where those grains 
are later dissolved, delicate clay molds remain. The 
relative abundances of feldspar and clay minerals 
are inversely related and vary with depth, reflect- 
ing the cumulative effect of feldspar weathering. 
Concentrations of dissolved and adsorbed cations 
generally are near mass-action equilibrium. Re- 
charge occurs from March to May (spring) and 
from October to November (autumn) when there 
is a net excess of water in the vadose zone. Dis- 
solved ionic concentrations fluctuate seasonally 
with vadose-water residence time, suggesting that 
mass flux is close to mineral dissolution rate. (Au- 
thor’s abstract) 
90-09795 


INTERPRETATION OF PUMP-TEST DATA 
FROM A DISUSED UNDERGROUND MINE. 
James Cook Univ. of North Queensland, Towns- 
ville (Australia). Centre for Tropical Freshwater 
Research. 

J. Doherty. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 109-123, March 1990. 7 fig, 2 tab, 7 ref. 


Descriptors: *Aquifer testing, *Groundwater 
movement, *Hydrologic models, *Mine dewater- 
ing, *Pumping tests, Laplace equation, Least 
squares method, Mathematical models. 


A pump test was carried out in a disused under- 
ground mine. Water was extracted from surround- 
ing aquifers through the network of old workings 
comprising the mine. Because of the intricacy of 
these workings, the unknown amount of water 
storage associated with them, the heterogeneous 
nature of the aquifer with which they are connect- 
ed and the dependence of pump rate on water 
level, the use of conventional methods of pump 
test interpretation was inappropriate. Hence a 


mathematical model incorporating linear flow, sink 
storage and a connection to the regional ground- 
water regime was postulated. The equation for 
water movement within this model is solved in the 
Laplace transform domain and a fast, efficient 
method of numerical inverse Laplace transforma- 
tion is presented. Model parameters are then esti- 
mated by least squares inversion, and these esti- 
mates are used to make predictions of long-term 
inflow to the mine. Some of these mathematics 
may have more general application. In particular, 
use of the convolution method of numerical in- 
verse Laplace transformation allows for the calcu- 
lation of aquifer response in cases where analytical 
solutions are unavailable or are computationally 
intractable, as are the solutions for radial flow 
problems when bore storage, delayed yield, sec- 
ondary porosity, etc. are taken into account. (Fish- 
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MODELING THE EFFECTS OF UNSATURAT- 
ED, STRATIFIED SEDIMENTS ON GROUND- 
WATER RECHARGE FROM INTERMITTENT 
STREAMS. 

California Univ., Santa Cruz. Earth Sciences 
Board. 

For primary bibliographic entry see Field 2E. 
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ANALYSIS OF AN AQUIFER-WATER TABLE 
AQUITARD SYSTEM. 

Indian Inst. of Science, Bangalore. Dept. of Civil 
Engineering. 

K. Sridharan, M. Sekhar, and M. S. Mohan 
Kumar. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 175-189, March 1990. 13 fig, 16 ref. 


Descriptors: *Aquifer systems, *Aquitards, 
*Groundwater movement, *Hydrologic models, 
*Model studies, *Numerical analysis, *Unconfined 
aquifers, Boundary conditions, Compressibility, 
Gravity flow, Pumping tests. 


The problem of pumping an aquifer in an aquifer- 
water table aquitard system is considered, account- 
ing for the elastic properties of both the aquifer 
and the aquitard, the gravity drainage in the aqui- 
tard and treating the water table as an unknown 
boundary. In order to account for the compress- 
ibility of the aquitard and also satisfy the flux and 
varying head boundary conditions at the water 
table, it is necessary to perform numerical analysis. 
A numerical model for the analysis of an aquifer- 
water table aquitard system has been developed. 
The model considers the compressibility as well as 
the gravity drainage in the aquitard treating the 
water table as an unknown boundary at current 
time level. The coupled partial differential equa- 
tions for the aquifer and the aquitard are solved 
numerically using an iterative procedure to deter- 
mine the unknown water table elevation and flow 
transfer term. The governing parameters of the 
model are varied over a wide range and type 
curves are generated for aquifer and water table 
drawdowns. The general trend of the type curves 
indicates the effect of gradual buildup of the leak- 
age, and at still later times, the effect of declining 
water table with the associated decrease in leakage. 
The type curves are used to illustrate the applica- 
tion of the model to a pumping test of 7 days 
duration. (Fish-PTT) 

W90-09799 


SUBSURFACE MIGRATION OF HAZARDOUS 

WASTES. 

University of Southern California, Los Angeles. 

Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5B. 
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INTRODUCTION. 

University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5B. 
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PRINCIPLES OF GROUNDWATER FLOW. 
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Stollar (R.L.) and Associates, Santa Ana, CA. 

R. L. Stollar. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 40- 
114. 57 fig, 4 tab, 43 ref. 


Descriptors: *Aquifers, *Geohydrology, *Ground- 
water movement, *Groundwater pollution, *Haz- 
ardous waste disposal, *Hazardous wastes, *Hy- 
draulic conductivity, *Path of pollutants, *Porosi- 
ty, *Risk assessment, Cleanup operations, Disper- 
sion, Landfills. 


The ability of a rock material, or aquifer, to store 
and transmit water is a function of its porosity and 
hydraulic conductivity. Groundwater is constantly 
flowing from areas of recharge to areas of dis- 
charge. The rate of groundwater flow varies enor- 
mously because the hydraulic conductivity of aqui- 
fer materials range over orders of magnitude. 
Under the right conditions, and given enough time, 
contaminating fluids invading a body of natural 
groundwater can move great distances, with the 
eventual point of discharge possibly a drinking 
water well or surface-water body. The principal 
processes that influence the transport behavior of 
contaminants in groundwater are basically advec- 
tion, dispersion, sorption, and transformation. Un- 
derstanding the behavior of flow beneath a landfill 
is also helpful when designing or monitoring clean- 
up programs. In a typical assessment of ground- 
water quality at a hazardous waste disposal facility 
suspected of causing contamination, the first step is 
a thorough survey of potential contaminant dis- 
charges to groundwater within, and in the vicinity 
of, the site. This includes reviewing the detailed 
history of the facility, including records of invento- 
ries, spills, leaks, and abandoned operations; inven- 
tory of potential contaminants; regional inventory 
of other sites or sources of contamination; regional 
geologic system, including identification of 
aquifers and confining beds; regional hydrogeolo- 
gical, including the groundwater flow system, po- 
tential or existing contamination migration pat- 
terns, and recharging and discharging boundaries; 
regulatory criteria and standards; non-drilling in- 
vestigation activities, such as sampling existing 
wells and soil gas studies; design of a groundwater 
assessment program to meet site specific and regu- 
latory objectives; carrying out of well drilling and 
sampling program; interpretation of groundwater 
flow and contaminant migration system; and 
design and carrying out of remedial actions, if 
necessary. (See also W90-09836) (Brunone-PTT) 
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SOIL CORE MONITORING. 

Metcalf and Eddy, Inc., Santa Barbara, CA. 
For primary bibliographic entry see Field 5A. 
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CONTROL OF SUBSURFACE MIGRATION. 
Calscience Engineering and Labs., Inc., Cypress, 
CA 


For primary bibliographic entry see Field 5G. 
W90-09845 


GEOCHEMISTRY OF ORGANIC ACIDS IN 
SUBSURFACE WATERS. 

Unocal Corp., Brea, CA. Science and Technology 
Div. 

For primary bibliographic entry see Field 2K. 
W90-09859 


CARBON ISOTOPE MASS TRANSFER AS EVI- 
DENCE FOR CONTAMINANT DILUTION. 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

For primary bibliographic entry see Field 5B. 
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TRANSPORT OF CO2(14) IN UNSATURATED 
GLACIAL AND EOLIAN SEDIMENTS. 
Geological Survey, Denver, CO. 

For primary bibliographic entry see Field 5B. 
W90-09861 
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COUPLING OF PRECIPITATION-DISSOLU- 
TION REACTIONS TO MASS DIFFUSION VIA 
POROSITY CHANGES. 

Lawrence Berkeley Lab., CA. Earth Sciences Div. 
For primary bibliographic entry see Field 2K. 
W90-09864 


SIMULATION OF MOLYBDATE TRANSPORT 
WITH DIFFERENT RATE-CONTROLLED 
MECHANISMS. 

Geological Survey, Denver, CO. 

For primary bibliographic entry see Field 5B. 
W90-09865 


USING CHEMICAL ANALYSES AND ASSESS- 
ING QUALITY IN AQUEOUS ENVIRONMEN- 
TAL MONITORING PROGRAMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

For primary bibliographic entry see Field 5A. 
W90-09871 


EXPERT SYSTEMS TO SUPPORT GEO- 
CHEMICAL MODELING. 

Ground Water Geochemistry, Houston, TX. 

For primary bibliographic entry see Field 7C. 
W90-09872 


USE OF MODEL-GENERATED FEG3+) ION 
ACTIVITIES TO COMPUTE EH AND FERRIC 
OXYHYDROXIDE SOLUBILITIES IN ANAER- 
OBIC SYSTEMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

For primary bibliographic entry see Field 2K. 
W90-09874 


RATES OF INORGANIC OXIDATION REAC- 
TIONS INVOLVING DISSOLVED OXYGEN. 
Battelle Pacific Northwest Labs., Richland, WA. 
For primary bibliographic entry see Field 2K. 
W90-09876 


SOLUBILITIES OF ALUMINUM HYDROX- 
IDES AND OXYHYDROXIDES IN ALKALINE 
SOLUTIONS. 

Lawrence Berkeley Lab., CA. 

For primary bibliographic entry see Field 2K. 
W90-09878 


COPPER COMPLEXATION BY NATURAL OR- 
GANIC MATTER IN GROUND WATER. 

Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 

For primary bibliographic entry see Field 2K. 
W90-09885 


SELECTED BOREHOLE GEOPHYSICAL 
LOGS AND DRILLERS’ LOGS, NORTHERN 
COASTAL PLAIN OF NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

J. A. M. Gronberg, B. A. Birkelo, and A. A. Pucci. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 87-243, 1989. 1 sheet, 66 fig, 4 
tab, 12 ref. 


Descriptors: *Aquifers, *Geohydrology, *Hydro- 
geology, *New Jersey, *Well logs, Confined 
aquifers, Drillers logs, Farrington aquifer, Mercer 
County, Middlesex County, Monmouth County, 
New York, Old Bridge Aquifer, Potomac-Raritan- 
Magothy Aquifer System, Queens County, Rich- 
mond County, Test holes. 


This report presents lithologic data compiled 
during the initial phase of a cooperative study by 
the U.S. Geological Survey and the New Jersey 
Department of Environmental Protection, Divi- 
sion of Water Resources to assess the hydrogeo- 
logy of the Potomac-Raritan-Magothy aquifer 
system in the northern Coastal Plain of New 
Jersey. The report includes 109 geophysical logs 
and 328 drillers’ logs that were selected as repre- 


sentative of the Potomac-Raritan-Magothy aquifer 
system. A description of the Potomac-Raritan- 
Magothy aquifer system also is give. (USGS) 
W90-09888 


GROUND-WATER RESOURCES OF THE 
UPPER WHITE RIVER BASIN IN ARKANSAS. 
Geological Survey, Little Rock, AR. Water Re- 
sources Div. 

J. M. Kilpatrick, and A. H. Ludwig. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 88-724, 1990. 48p, 12 fig, 26 ref. 


Descriptors: *Arkansas, *Groundwater, *Ground- 
water availability, *Groundwater resources, 
*Water quality, *Water resources data, Aquifers, 
Water use, White River. 


The upper White River basin in Arkansas lies 
almost entirely within the Ozark Plateaus physio- 
graphic province, which consists of deeply dissect- 
ed plateaus underlain by limestone, shale, and dolo- 
mite. Significant water-yielding units within the 
upper White River basin include the Eminence and 
Potosi Dolomites, the Roubidou Formation, the 
Gasconade Dolomite and the Van Buren Forma- 
tion, outcrops of undifferentiated Paleozoic rocks, 
the Nacatoch Sand, and quaternary deposits. 
Water in the Quaternary deposits is the most heavi- 
ly used, but areally, other units are significant 
sources of groundwater for domestic and rural use. 
The quality of groundwater withdrawn from the 
various units generally is suitable for most uses, 
although groundwater in the study area is typically 
very hard. Iron concentrations commonly exceed 
allowable limits. Yields from the different water- 
yielding units are highly variable. The Eminence 
and Potosi Dolomites are known to yield as much 
as 230 gal/min. Nearer the surface, the Gunter 
Sandstone Member of the Van Buren Formation 
yields as much as 500 gal/min. Above the Gunter 
Sandstone, the Roubidoux Formation yields as 
much as 450 gal/min to wells. In contrast to the 
high yields from these deeper units, the outcrops of 
Paleozoic rocks commonly yield less than 10 gal/ 
min. The Quaternary deposits yield as much as 
2,500 gal/min of very hard water. Elevated nitrate 
concentrations that exceed U.S. Environmental 
Protection Agency primary drinking-water stand- 
ards occur in Marion County. In addition, saline 
water is present in the Quaternary deposits near 
Bald Knob and Cord, Arkansas. (USGS) 
W90-09890 


GROUND-WATER LEVELS AND FLOW NEAR 
THE INDUSTRIAL EXCESS LANDFILL, UN- 
IONTOWN, OHIO. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

E. S. Bair, and S. E. Norris. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-272, 1989. 15p, 6 fig, 8 ref. 


Descriptors: *Groundwater level, *Groundwater 
movement, *Hazardous materials, *Industrial 
wastewater, *Landfills, *Ohio, *Path of pollutants, 
Flow pattern, Glacial aquifers, Uniontown. 


Water levels recorded on drillers’ logs from 279 
wells were used to assess the regional groundwater 
flow system in the area of the Industrial Excess 
Landfill (TEL) site in Uniontown, Ohio. The flow 
system was divided into two regional aquifers: a 
shallow unconfined glacial-drift aquifer and a 
deeper, semiconfined bedrock aquifer. A compos- 
ite potentiometric-surface map of the glacial-drift 
aquifer shows that the IEL site appears to straddle 
a prominent groundwater ridge that trends north- 
east-southwest. Groundwater flows radially away 
from this ridge, primarily to the northwest and to 
the southeast; as a result, flow in the glacial-drift 
aquifer at the IEL site moves in a radial pattern 
away from the site in all directions. A composite, 
regional potentiometric-surface map of the bed- 
rock aquifer shows a similar elongated groundwat- 
er ridge trending northeast-southwest across the 
northwestern corner of the IEL site; however, the 
site does not appear to straddle the groundwater 
ridge in the bedrock potentiometric surface. As a 


consequence of the radial-type of flow pattern in 
the glacial-drift aquifer at the IEL site, the direc- 
tion of potential off-site movement of any contami- 
nant would, in large part, depend on the original 
location of the contaminant at the IEL site. Avail- 
able data also indicate a downward flow compo- 
nent; consequently, contaminants present at the site 
could flow laterally within the local flow patterns 
and vertically downward within the flow systems. 
(USGS) 

W90-09892 


CORROSIVE GROUND WATER IN THE KIRK- 
WOOD-COHANSEY AQUIFER SYSTEM IN 
THE VICINITY OF OCEAN COUNTY, EAST- 
CENTRAL NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2K. 
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SIMULATED EFFECTS OF FUTURE WITH- 
DRAWALS ON WATER LEVELS IN THE 
NORTHEASTERN COASTAL PLAIN 
AQUIFERS OF NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

W. A. Battaglin, and M. C. Hill. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 88-4199, 
1989. 58p, 5 plates, 24 fig, 10 tab, 25 ref. 


Descriptors: *Coastal aquifers, *Drawdown, 
*Groundwater management, *Model studies, 
*New Jersey, *Simulation analysis, *Water level, 
*Water resources development, Computer models, 
Finite-difference models, Groundwater flow. 


In the northeastern Coastal Plain of New Jersey, 
groundwater withdrawals have produced large 
cones of depression in all four major regional 
aquifers. Prior to development, water levels in the 
four aquifers were 20 to 120 ft above sea level and 
natural groundwater flow was towards Raritan 
Bay. In 1983, when total withdrawals exceeded 90 
million gal/day, water levels were as low as 185 ft 
below sea level in the Wenonah-Mount Laurel 
aquifer, 225 ft below sea leval in the Englishtown 
aquifer system and 52 and 82 ft below sea level in 
the upper and middle aquifers of the Potomac- 
Raritan-Magothy aquifer system, respectively. 
With development, the natural direction of 
groundwater flow has been reversed, resulting in 
the movement of saltwater into parts of the upper 
and middle aquifers of the Potomac-Raritan-Mag- 
othy aquifer system. An 11-layer finite-difference 
model of the entire New Jersey Coastal Plain was 
used to simulate the effects of six scenarios of 
future groundwater withdrawals on water levels in 
the northeastern Coastal Plain of New Jersey 
through the year 2020. In the simulation with the 
most severe reduction, most of the groundwater 
withdrawals in the northeastern and west-central 
areas of the Coastal Plain were limited to 50% of 
1983 withdrawals after 1990. Even with such re- 
strictions, the lowest simulated water levels in the 
northeastern part of the Coastal Plain for 2010 are 
still well below sea level. (USGS) 

W90-09896 


HYDROLOGIC AND GEOCHEMICAL MONI- 
TORING IN LONG VALLEY CALDERA, 
MONO COUNTY, CALIFORNIA, 1986. 
Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7B. 
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GEOHYDROLOGY AND GROUND-WATER 
QUALITY AT THE PUEBLO DEPOT ACTIVI- 
TY LANDFILL NEAR PUEBLO, COLORADO. 
aa Survey, Denver, CO. Water Resources 
iv. 

K. R. Watts, and R. F. Ortiz. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4143, 





1990. 75p, 18 fig, 10 tab, 17 ref. 


Descriptors: *Colorado, *Groundwater move- 
ment, *Water pollution sources, Arkansas River 
Basin, Geohydrology, Groundwater pollution, Or- 
ganic solvents, Water table. 


Groundwater samples were collected from the 
shallow unconfined aquifer at the Pueblo Depot 
Activity (Colorado) landfill and downstream from 
the landfill. The Pueblo Depot Activity is a U.S. 
Department of the Army facility in southeastern 
Colorado about 15 miles east of Pueblo, Colorado. 
The land-fill is underlain by upland alluvial terrace 
deposits that overlie a thick and almost imperme- 
able shale. Saturated thickness of the aquifer gener- 
ally is from 5 to 10 feet. Groundwater flow at the 
landfill is to the south-southeast toward the Arkan- 
sas River valley. Though not hydraulically con- 
nected to the upland terrace deposits, the alluvium 
underlying the Arkansas River valley may be re- 
charged by groundwater that is discharged from 
seeps at the contact of the upland terrace deposits 
and the Pierre Shale. The water is classified as a 
mixed-cation mixed-anion type water that has con- 
centrations of dissolved solids of 710 to 1,810 mg/ 
L. Dissolved-solids concentrations increase down- 
gradient. Chemical analysis, done to determine 
possible contamination of the groundwater, indi- 
cated that concentrations of trichloroethylene 
ranged from 5.2 to 2,900 microg/L and of trans- 
1,2-dichloroethylene ranged from 5 to 720 microg/ 
L. The areal distribution of these volatile organic 
compounds indicate that there possibly are two 
sources of contamination of groundwater at the 
landfill, one upgradient from the landfill and the 
other within the landfill. Analysis of water samples 
from wells and seeps offsite and downgradient 
from the landfill did not indicate either contami- 
nant in groundwater from the alluvial aquifer un- 
derlying the Arkansas River valley. (USGS) 
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HYDROGEOLOGY OF A _ HAZARDOUS- 

WASTE DISPOSAL SITE NEAR — 
WILLIAMSON COUNTY, TENNESSEE 

Geological Survey, Nashville, TN. Water Re- 

sources Div. 

P. Tucci, D. W. Hanchar, and R. W. Lee. 

Available from Books and Open-File Report Sec- 

tion, USGS, Box 25425, Denver, CO 80225. USGS 

Water-Resources Investigations Report 89-4144, 

1990. 68p, 22 fig, 3 tab, 18 ref. 


Descriptors: *Computer models, *Groundwater 
movement, *Hazardous wastes, *Model studies, 
*Path of pollutants, *Tennessee, Brentwood, Car- 
bonate rocks, Finite difference methods, Geochem- 
istry, Geohydrologic units, Landfills, Waste dis- 
posal, Water pollution sources, Williamson 
County. 


Approximately 44,000 gal of industrial solvent 
wastes were disposed in pits on a farm near Brent- 
wood, Tennessee, in 1978, and contaminants were 
reported in the soil and shallow groundwater on 
the site in 1985. In order for the State to evaluate 
possible remedial-action alternatives, an 18-month 
study was conducted to define the hydrogeologic 
setting of the site and surrounding area. The area is 
underlain by four hydrogeologic units: (1) an 
upper aquifer consisting of saturated regolith, 
Bigby-Cannon Limestone, and weathered Hermit- 
age Formation; (2) the Hermitage confining unit; 
(3) a lower aquifer consisting of the Carters Lime- 
stone; and (4) the Lebanon confining unit. Wells 
generally are low yielding less than 1 gal/min ), 
although locally the aquifers may yield as much as 
80 gal/minute. This lower aquifer is anisotropic, 
and transmissivity of this aquifer is greatest in a 
northwest-southeast direction. Recharge to the 
groundwater system is primarily from precipita- 
tion, and estimates of average annual recharge 
rates range from 6 to 15 inches/year. Discharge 
from the groundwater system is primarily to the 
Little Harpeth River and its tributaries. Ground- 
water flow at the disposal site is mainly to a small 
topographic depression that drains the site. Geo- 
chemical data indicate four disiinct water types. 
These types represent (1) shallow, rapidly circulat- 
ing groundwater; (2) deeper (> than 100 ft), rapid- 
ly circulating’ groundwater; (3) shallow, slow 


moving groundwater; and (4) deeper, slow moving 
groundwater. Results of the numerical model indi- 


caie that most flow is in the upper aquifer. (USGS) 
W90-09903 


DISTRIBUTION OF WELLS IN THE CENTRAL 
PART OF THE WESTERN SAN JOAQUIN 
VALLEY, CALIFORNIA. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
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LITHOLOGY OF BASIN-FILL DEPOSITS IN 
THE ALBUQUERQUE-BELEN BASIN, NEW 
MEXICO. 

Geological Survey, Albuquerque, NM. Water Re- 
sources Div 

C. A. Kaehler. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4162, 
1990. 14 p, 6 fig, 2 tab, 3 pl, 9 ref. 


Descriptors: *Albuquerque-Belen Basin, * Aquifers, 
*Geohydrology, *Lithology, *New Mexico, *Stra- 
tigraphy, Drillers logs, Geophysical logs. 


Sediments that fill the Albuquerque-Belen Basin in 
central New Mexico comprise an aquifer that sup- 
plies water to approximately one-third the popula- 
tion of the State. Analysis of driller’s logs and 
geophysical logs indicate that an area of fine- 
grained deposits generally underlies the west-cen- 
tral part of the basin. Coarse-grained deposits are 
concentrated primarily along the axis of the north- 
central part of the basin. Mixed lithologic textures 
are present in the rest of the basin and are especial- 
ly pronounced in the east-central part. Lithologic 
interpretation of borehole-geophysical logs were 
used to construct 10 lithologic sections. These 
sections show that the upper part of the basin fill 
consists mostly of sandy lenses alternating with 
clayey or silty lenses. (USGS) 

W90-09905 


PESTICIDES IN SOILS AND GROUND 
WATER IN SELECTED IRRIGATED AGRI- 
CULTURAL AREAS NEAR HAVRE, RONAN, 
AND HUNTLEY, MONTANA. 

Geological Survey, Helena, MT. Water Resources 
Div. 

For primary bibliographic entry see Field 5B. 
W90-09906 


DOCUMENTATION OF THE DEGREE OF 
WASTE TREATMENT PROVIDED BY SEPTIC 
SYSTEMS, VADOSE ZONE AND AQUIFER IN 
INTERMOUNTAIN SOILS UNDERLAIN BY 
SAND AND GRAVEL. 

For primary bibliographic entry see Field 5D. 
W90-09918 


IMPACT OF ADVERSE HYDROLOGICAL 
EVENTS ON BACTERIAL TRANSLOCATION 
IN COARSE SOILS NEAR _ ON-SITE 
WASTEWATER TREATMENT SYSTEMS. 
Colorado State Univ., Fort Collins. Dept. of Agri- 
cultural and Chemical Engineering. 

For primary bibliographic entry see Field 5B. 
W90-09919 


GROUND WATER MODELING WITH UNCER- 
TAINTY ANALYSIS TO ASSESS THE CON- 
TAMINATION POTENTIAL FROM ONSITE 
SEWAGE DISPOSAL SYSTEMS (OSDS) IN 
FLORIDA. 

RSE Group, Tampa, FL. 

For — bibliographic entry see Field SB. 
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CONTRIBUTION OF SELECTED TOXIC 
CHEMICALS TO GROUNDWATER FROM DO- 
MESTIC ON-SITE SEWAGE DISPOSAL SYS- 
TEMS. 

Connecticut Univ., Storrs. Dept. of Agricultural 
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Engineering. 
For primary bibliographic entry see Field 5B. 
W90-09938 


ANALYSIS OF GROUND WATER RECHARGE 
SOLUTIONS FOR ON-SITE DISPOSAL SYS- 


TEMS. 

Louisiana Tech Univ., Ruston. Dept. of Civil En- 
gineering. 

For primary bibliographic entry see Field 5E. 
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PREDICTING THE GROUNDWATER FLOW 
FIELD UNDER LARGE SOIL ABSORPTION 
SYSTEMS USING A SIMPLE TWO-DIMEN- 
SIONAL, ANALYTICAL MODEL. 

Minnesota Pollution Control Agency, Roseville. 
J. A. Magner, D. B. Wall, W. J. Zaadnoordijk, and 
R. A. Piper. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IlIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 309-318, 4 fig, 4 ref. 


Descriptors: *Computer models, *Groundwater 
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treatment, Absorption, Groundwater quality, 
Mathematical studies, Model studies, Mounds, 
Path of pollutants, Potentiometric level, Rural 
areas, Suburban areas, Unconfined aquifers. 


Large soil absorption systems (LSASs) have been 
designed and constructed to meet the sewage treat- 
ment needs of suburban and rural developments. 
LSASs have distinct cost affect advantages; how- 
ever, there may be environmental disadvantages, 
depending on the soil and hydrogeological charac- 
teristics at the LSAS placement site. Groundwater 
mounding often occurs below a LSAS which not 
only effects system performance, but the flow field 
created may also impact on domestic water wells. 
A LSAS mound will change the hydraulic gradi- 
ent. Consequently, localized regions of decreased 
groundwater flow are created and the transport of 
potential pollutants is altered. Understanding the 
flow dynamics of the LSAS will aid in predicting 
potential groundwater quality impacts created by 
the operation of an LSAS. A two dimensional flow 
model was developed to provide information on 
groundwater flow fields below LSASs. The pro- 
gram, written in BASIC, uses input parameters of 
aquifer thickness and permeability, natural ground- 
water flow rate and direction, LSAS locations, and 
groundwater sinks and sources in order to calcu- 
late potentiometric surface elevations within a 
given window of an unconfined aquifer. The 
output of the model includes plotted contours of 
the potentiometric heads and stream lines. Two 
LSASs in a sand-plain area of west-central Minne- 
sota, were evaluated by the model. These LSASs 
were extensively monitored with 69 piezometers at 
varying depths. The model predicted the flow field 
of the LSASs reasonably well, and it may be useful 
to help estimate the potential pollutant impacts to 
neighboring wells. The model runs on an IBM-PC 
or compatible computer and may be used by local 
technical planning or zoning officials as an aid to 
evaluating impacts of LSASs in hydrogeologically 
sensitive regions. (See also W90-09908) (Author’s 
abstract) 

W90-099: 


ISOTOPIC CHARACTERIZATION OF THE 
THERMOMINERAL WATERS OF THE 
FRANCO-ITALIAN NORTHERN ALPS (CAR- 
ACTERISATION ISOTOPIQUE DES EAUX 
THERMOMINERALES DES ALPES DU NORD 
FRANCO-ITALIENNES). 

Grenoble-1 Univ. (France). Unit of Geology. 

J. Dazy, M. Dray, C. Jusserand, M. Pasqualotto, 
and G. M. Zuppi. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
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Descriptors: *Geochemistry, *Geothermal water, 
*Hydrogen isotopes, *Isotope studies, *Mineral 
water, *Oxygen isotopes, *Thermal water, *Water 
chemistry, Alps, Carbonates, Fault springs, Fissure 
water, France, Geohydrology, Italy, Sulfur iso- 
topes. 


Most of the (low enthalpy) thermomineral waters 
from the Franco-Italian Alps arise in fissured zones 
which promote mixing between deep waters, 
which are predominantly of the sodium chloride 
type, and intermediate and surface waters, which 
are mainly of the sulfate and/or calcium bicarbon- 
ate type. The characteristics and the origins of the 
waters from the deep circulations have been pre- 
cisely determined by isotope analysis of the water 
molecules themselves (tritium, deuterium, and O- 
18) and of certain dissolved compounds, such as 
the sulfates (S-34 and O-18), the sulfides (S-34), and 
of carbon dioxide or the bicarbonates (C-13, O-18). 
The meteoric origin of the deep waters was proved 
in this way. These waters are old and devoid of 
tritium; the age of one of the sources (Saint-Vin- 
cent) was also confirmed using C-14. Where gas is 
given off, the carbon dioxide was shown to be 
endogenous, with isotope concentrations similar to 
those found in the perialpine carbon dioxide gas 
belt. Isotope measurements on S-34 proved con- 
centrations to be relatively uniform, which would 
indicate that the dissolved sulfates may have had a 
common origin, having been flushed out of Permo- 
triassic evaporites. Also, the O-18/S-34 geother- 
mometer confirms that these waters are not mag- 
matic in origin, having temperatures between 150 
and 200 C which are in good agreement with the 
indications of other geothermometers. Neverthe- 
less, the conventional geothermometers cannot be 
used in this context. With a geothermal gradient of 
3.3 C per 100 m, the results tend to indicate that 
the depth limit for these circulation pathways is 
over 4000 m, which seems to strengthen the hy- 
pothesis that there are, at great depths, residual 
thin layers of Triassic evaporites, as deduced from 
the seismic profiles, or films of sodium chloride 
brines beneath the large, overlapping blocks of the 
platform. (See also W90-09551) (Author’s abstract) 
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HYDROLOGY OF ROTORUA GEOTHERMAL 
AQUIFER, NEW ZEALAND. 

Department of Scientific and Industrial Research, 
Lower Hutt (New Zealand). Inst. of Nuclear Sci- 
ences. 

C. B. Taylor, and M. K. Stewart. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 25-45, 13 fig, 11 ref. 
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Urban Rotorua is underlain by a shallow geother- 
mal aquifer. Increasing exploitation, mainly for 
heating purposes, has resulted in marked deteriora- 
tion of natural discharges at the famous Wha- 
karewarewa Thermal Reserve, which draws on the 
same aquifer. The hydrology of the aquifer was 
examined, using isotope, chemical, geological, and 
physical data collected during a comprehensive 
monitoring program (1982-1985). Delta-O-18/chlo- 
ride correlations, temperatures, and bicarbonate 
concentrations reveal the lines of upflow of boiling 
geothermal fluid to aquifer depth, and subsequent 
lateral spread within fractured ignimbrite and rhy- 
olite below capping sediments. Ascent of fluid to 
the springs is interpreted with the use of delta-O/ 
chloride, delta-O/delta-D, and chemical diagrams. 
Tritium concentrations reveal that deep fluid and 
diluting groundwater derive from large reservoirs 
in ignimbrite of mean residence time greater than 
100 years, except for an inflow of more recent 
groundwater to an area of the shallow aquifer 
underlain by rhyolite. The deep and near-surface 
faults which deliver the fluid to aquifer depth and 


allow its ascent to the springs are also reassessed. 
(See also W90-09551) (Author’s abstract) 
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GEOCHEMISTRY OF THERMAL FLUIDS IN 
THE YANGBAJAIN AREA (TIBET/CHINA). 
Aquater S.p.A., San Lorenzo in Campo (Italy). 
F. Piovesana, G. Scandiffio, K. Zheng, and G. M. 
Zuppi. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
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International Atomic Energy Agency, Vienna. 
1987. p 47-70, 5 fig, 10 tab, 18 ref. 
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The valley containing the Yangbajain geothermal 
field is an asymmetric graben running NNE to 
SSW, filled with glacial and fluvioglacial continen- 
tal deposits. This tensile structure is bordered by 
two mountain ranges: (1) the Nyainquentanglha 
Range to the NW reaches a high altitude and is 
formed almost completely of metamorphic rocks, 
partially covered by Quaternary deposits; (2) the 
Tang Mountains to the SE are characterized both 
by metamorphites and by sedimentary rocks and 
volcanites. The general outline is characterized by 
a nucleus of thermal outflows in the central part of 
the study area, where all deep wells and the most 
important manifestations are located, and which 
has a fairly homogeneous Na-K-Cl-bicarbonate 
composition. These waters are recharged at 5000 
m above sea level and have an underground resi- 
dence time that certainly exceeds 30 years. The 
thermal fluids rise up along a front of a few kilo- 
meters on the graben’s northern escarpment. In 
this area, mixing could occur at different rates, 
between regional shallow waters (Ca-Mg-bicar- 
bonate type) and deep fluids (Na-K-Cl-bicarbonate 
type). The resulting system is affected by further 
mixings, mainly along the borders of the actual 
productive area. The gas composition, varying 
from the prevailing carbon dioxide to nitrogen, 
confirms the previously suggested scheme. Both 
isotopic and chemical geothermometers indicated 
approximately 200 C, a temperature slightly higher 
than that measured in the geothermal wells. Two 
other thermal areas have been recognized SW and 
NE of the presently exploited field. Na-K-bicar- 
bonate water and mainly carbon dioxide gas are 
present in the southwest and can be considered as a 
secondary part of the main geothermal field. On 
the other side, the fluid outflowing in the north- 
eastern are does not seem to be connected with the 
exploited geothermal system. (See also W90-09551) 
(Author’s abstract) 
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Measurements of the depth distribution of C-14 
and C-13 in multilevel wells installed in a shallow 
aquifer system in the area of Liedern/Bocholt, 
North-Rhine Westphalia are presented and dis- 
cussed. Groundwater ages, determined from triti- 
um, He-3, and radiogenic He-4 measurements, 
range from 20 years in the upper part of the profile 
(10 m) to some hundreds of years in lower ground- 
water layers (40 m). The surprisingly strong verti- 
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cal variation of C-14 and C-13 is partly related to 
spatial variations in carbon hydrochemistry in the 
infiltration area upgradient of the wells. However, 
extremely low C-14 of about 40 pmc signals an 
influence of inactive carbon, originating from mi- 
crobial oxidation of fossil organic deposits on pleis- 
tocene aquifer sediments, on the groundwater car- 
bonate system. Even groundwater C-14 at a depth 
of more than 15 meters below the ground surface 
shows this influence of oxidized fossil organic 
carbon. The further decrease of C-14 in the lower 
groundwater layers is due to radioactive decay. 
The existence of some hundred years old ground- 
water is supported by radiogenic He-4 measure- 
ments and geohydraulic considerations. (See also 
W90-09551) (Author’s abstract) 
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A Quaternary carbonate aquifer in the Munich 
Gravel Plain and a sandy aquifer in the northern 
part of the Federal Republic of Germany show 
how C-13 and C-14 contents of dissolved inorganic 
carbon develop in young groundwaters. The initial 
C-14 contents of young groundwaters from the 
Munich Gravel Plain (carbonatic) lie between 50 
and 100% modern. They depend on the thickness 
of the unsaturated soil zone and on the residence 
time of percolating waters. Their low initial C-14 
contents are explained by processes of solution and 
dissolution of carbonates in the unsaturated soil 
zone. The measured C-14 contents can neither be 
quantified by means of hydrochemical analyses nor 
by measurements of their C-13 content. In the area 
of investigation, Segeberger Forst, which is a 
sandy aquifer free of carbonates down to a depth 
of 15 m, hardening takes place in the groundwater 
itself. Calculated initial contents of C-14 agree well 
with those measured. C-13 contents of soil gas 
carbon dioxide are between -23.4 and -20.8 ppt, 
lying well above the C-13 contents of organic 
matter enclosed. Decomposition of organic matter 
producing carbon dioxide even in aerobic systems 
leads to C-13 enrichment in carbon dioxide. Meas- 
urements of methane contents in the aquifers stud- 
ied strongly indicate methane production but this 
cannot be the only reason for C-13 enrichment in 
carbon dioxide. It is shown in laboratory experi- 
ments that even small amounts of methane and 
bacterial decomposition of organic material give 
rise to severe C-13 enrichment in the carbon diox- 
ide produced. From this it can be deduced that 
besides methane, other products depleted in their 
C-13 content must exist. (See also W90-09551) 
(Author’s abstract) 
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The use of He-3 and He-4 for groundwater dating 
is described in the literature as problematic. He-3 is 
sensitive to diffusive losses and to the background 
produced in the lithosphere. A methodological 
tool is presented to separate the component of 
bomb tritium from the background. This tool was 
tested on three aquifers with different sizes of 
helium backgrounds. No notable diffusive loss was 
found, maybe because the investigated aquifers 
were all confined. Consequently, He-3 seems to be 
a useful tracer for groundwater systems in most 
cases. In an aquifer with very high lithospheric 
helium production, the helium isotope ratio identi- 
fies the lithospherically produced H-3 equilibrium 
content in groundwater. Frequently, He-4 accumu- 
lation and He-4 flux age determinations are not 
applicable because a helium flux reaches the 
groundwater, and because this flux is not clearly 
defined. Only if the groundwater sample represents 
the whole depth of the flow system does the He-4 
excess lie in the flux range expected. In contrast, in 
deeper flow systems, the He-4 content can be 
investigated in addition to C-14 and Ar-39 model 
ages. (See also W90-09551) (Author’s abstract) 
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On the basis of the C-14 concentrations in total 
dissolved inorganic carbon (DIC) from two con- 
fined aquifers, it was demonstrated by means of a 
calculation, that the radiometric velocities repre- 
sent a purely convective form of transport. The 
application of a convective-dispersive model 
shows, first, that hydrodynamic dispersion tends to 
accelerate the particles being transported, and 
second, that the effects of that dispersion are not 
the same either over the distance considered or 
during the residence time. An explicit solution of 
the convective-dispersive problem makes it possi- 
ble to advance a method for evaluating the validity 
of the radiometric data captured along a flow axis. 
The method consists of determining the relative 
importance of the molecular and kinematic diffu- 
sion effects. Taking into account the local hydro- 
dynamic context, an assessment is made of how 
well the relative importance of these two disper- 
sive processes approximate the truth. (See also 
W90-09551) (Author 's abstract) 
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A study was carried out in order to assess the 
applicability of Si-32 for groundwater dating. 
Measurements of Si-32 in soil samples of the un- 
saturated zone, drainage waters, and plant material 
give a basis for estimating the initial concentration 
of Si-32 in groundwater. Different aquifers with 
groundwater of young and moderate ages have 
been selected for groundwater studies. For obtain- 
ing independent age information, tritium was found 
to be a suitable reference isotope. A quantitative 
interpretation of the Si-32 data is generally compli- 
cated by geochemical processes, mainly in the 
unsaturated zone. Favorable conditions for the use 
of Si-32 in hydrogeology seem to exist in phreatic 
sand aquifers, in limestone aquifers, and, depending 
on the thickness and composition of the unsaturat- 
ed zone, in sandstone aquifers. Further improve- 
ment of the Si-32 method requires a better under- 
standing of the geochemical processes affecting 
this isotope. (See also W90-09551) (Author’s ab- 
stract) 
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The Sultanate of Oman has, in recent years, made 
substantial advances in its agricultural sector, with 
an increasing reliance on groundwater sources for 
irrigation. The Public Authority for Water Re- 
sources (PAWR) has developed considerable un- 
derstanding of groundwater availability and qual- 
ity through comprehensive exploration programs, 
including a nationwide survey of environmental 
isotopes in groundwaters, surface waters, and pre- 
cipitation. The aim of the isotope study was to 
provide estimates of mean residence times of 
groundwaters and define their recharge sources. 
This paper discusses the results of our studies of 
the extensive and relatively undeveloped aquifers 
in the southern Dhofar region of Oman. Precipita- 
tion systems are discussed as potential groundwat- 
er recharge sources. Groundwaters within the inte- 
rior desert or Najd region were intensively studied 
with additional focus on groundwaters in the Sala- 
lah Plain and Dhofar Mountains. The shallow, 
phreatic aquifers in the Najd were found to contain 
modern, tritiated waters recharged by infrequent 
storms. The deeper aquifers, which outcrop in the 
mountains to the south, contain groundwaters 
under flowing artesian pressure, which without 
exception were found to be fossil (mean residence 
times from 4000 to 30,000 years BP). The older age 
estimates were found in the northern Najd, further 
from the recharge area. Stable isotope data indi- 
cate that the recharge source was unlike the cur- 
rent monsoon which occurs today in the Dhofar 
Mountains. More likely, rainstorms during pluvial 
periods in the past were the recharge source to 
these aquifers. (See also W90-09551) (Author’s ab- 
stract) 
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The Butana region of Sudan lies on the eastern 
edge of the Sahel and the southern margin of the 
extensive Nubian aquifer. Environmental isotopes 
was used to examine the interrelation between 
current and past recharge, both in the general area 
of the Wadi Hawad basin and more specifically at 
one site, Abu Delaig. Rainfall at Abu Delaig in the 
years 1982-1985 was isotopically heavy compared 
to weighted mean rainfall at Khartoum, (1962- 
1977) some 100 km away, a consequence of the 
recent period of drought. Wadi runoff, however, 
has a lighter isotopic composition, being the result 
of the larger storm events. Floodwater recharges 
perched aquifers beneath wadi beds, and the iso- 
topic values of shallow wel! waters are almost 
identical to the Khartoum weighted mean rainfall, 
suggesting that they have the capacity to buffer 
year to year changes in input. Soil zone profiles 
show signs of extreme evaporative enrichment 
near the surface, and at greater depths are appar- 
ently the result of a diffusional gradient between 
thin isotopically enriched moisture and water from 
the underlying aquifer, whether the aquifer con- 
tains modern or palaeowater. The diffusional gra- 
dient has been permitted to develop by the very 
slow downward movement of soil water as indicat- 
ed by chloride profile techniques. There is there- 
fore no evidence of significant recharge via inter- 
fluve areas. The regional Nubian waters can be 
divided into those in the Nile valley and those 
elsewhere. There is no sign of recharge to the 
second group even beneath perched wadi aquifers, 
but wells in the Nile valley are replenished by the 
river. Therefore, the Nubian of the Nile valley and 
the perched wadi aquifers are the only renewable 
water sources of the Butana region. (See also W90- 
09551) (Author’s abstract) 
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In the western and central San Joaquin Valley, 
California, present-day shallow groundwaters with 
delta O-18 of -7.4 and -11.5 ppt, respectively, com- 
prised of modern recharge are separated from an 
underlying, lower salinity, confined aquifer system 
(delta O-18 = -9 ppt) by the thick, low permeabil- 
ity Corcoran Clay. The substantial thickness of the 
lacustrine Corcoran Clay, together with small dif- 
ferential head and low structural relief during 
much of Pleistocene time, have combined to pre- 
vent flushing of the confined paleowaters. This 
unusual hydrologic system of isotopically light 
water with a mean delta O-18 of -11 ppt overlying 
lower salinity, isotopically heavy water supports a 
tectonic model that calls for uplift of the Central 
Coast Ranges by about 1100 m in the past 615,000 
a. Before uplift, water from the Sierra Nevada 
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with a delta O-18 value of about -10 ppt mixed in 
intermittent lakes with water from the pre-emer- 
gent Coast Ranges with a delta O-18 value of 
about -6 ppt, resulting in blends of recharge water 
of about -9 ppt in the principal confined aquifer. 
Chemical and isotopic mass-balance calculations 
suggest that the western contribution to the con- 
fined waters ranged from 20% in the north to 35% 
in the southern part of the aquifer system. The 
resent 1400 m height of the Coast Ranges results 
in a higher cloud base and a greater interception of 
recipitation from storms moving inland from the 
‘acific than had occurred in mid-Pleistocene times. 
As a wence, modern precipitation is more 
depleted in D and O-18 over the eastern border of 
the central Coast Ranges and the Sierra Nevada 
than was pre-Corcoran precipitation. (See also 
W90-09551) (Author’s abstract) 
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Enrichment of heavy isotopes in residual waters as 
the result of evaporation is substantial and can 
provide a sensitive indicator of water loss by this 
process in arid zone ‘rrigation systems. The ap- 
proximate magnitude of such losses can be estimat- 
ed by empirical relationships between heavy iso- 
tope enric’ t and percent water loss in evapora- 
tion batch experiments. Deuterium and O-18 
enrichment by evaporation from a in Cairo 
was smooth and monotonic during loss of about 
80% of the initial volume, and for each 1% of loss 
the increase of delta D averaged +0.65 ppt and of 
O-18 averaged +0.185 ppt. Heavy isotope enrich- 
ment of agricultural drainage waters in the Eastern 
Delta of the Nile was only about delta D = +3.2 
ppt and delta O-18 = +0.54 ppt, corresponding to 
estimated evaporation losses of 5% and 3%, re- 
spectively. in eentrast, tranepiration losses, which 
produce no significant enrichment of residual 
waters, were about en order of magnitude greater. 
Soil water losses to or gains from deeper ground- 
water in the Nile Delta appear to be very small 
compered to annual irrigation deliveries. Large 
increases of salinity in agricultural drainage waters 
compared to Nile River input total dissolved solids 
concentrations were not accompanied by heavy 
ae enrichment proportional to the increase in 

issolved solids. The combination of chemical and 
stable isotope data for agricultural drainage waters 
can provide valuable new insights into sources of 
salinity in such systems, and thus suggest which 
management changes are more likely to improve 
water use efficiency and water quality most effec- 
tively. (See also W90-09551) (Author’s abstract) 
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The region of Scuol-Tarasp in the Engadine (Swit- 
zerland) is known for a number of highly mineral- 
ized springs and the presence of mofettes, through 
which carbon dioxide gas emerges directly at the 
surface. They are closely related to the Engadine 
Line, a major, vertical strike slip fault which 
deeply cuts an overthrusted stack of Pennine and 
Austroalpine nappes in the Alps. The investigated 
springs can roughly be divided into two groups: 
waters of group A do not contain measurable 
amounts of tritium and have high ion concentra- 
tions; the waters of group B are young waters with 
largely normal stable isotope composition. Because 
of the presence of carbon-14 free carbon dioxide 
gas, radiocarbon dating is not possible in either 
case. Mineralization and shifts in the stable isotope 
concentration take place in the contact zone where 
the carbon dioxide forces the ou of the 


tcrop 
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Stable isotope and tritium analyses were used to 
improve knowledge of the origin of groundwater 
in the Tulum Valley, San Juan Province, Argenti- 
na. Groundwater is mainly recharged by the San 
Juan River, which originates in the high Cordillera 
of the Andes, and is consequently depleted in 
isotopic content. However, this study led to the 
conclusion that precipitation over the surrounding 
hills (altitudes between 1500 and 3000 m), which is 
isotopically more enriched than the San Juan River 
source, must be taken into account in evaluating 
the groundwater inventory in different areas of the 
valley. About 80 wells covering the whole area, 
especially the piedmont of the hills, were sampled 
and analyzed to study the regional influence of the 
different inputs. The interpretation of the results 
e@btained suggests that the San Juan River has 
recharged most of the groundwater stored in the 
valley. Tritium levels provide evidence for the 
present area of recharge, not only limited to the 
alluvial fan, but also through the river bed in 
places where particular structural patterns and per- 
it infiltration. The influence 

jerra Chica de Zonda, on the 

eastern border of the valley, is not significant, at 
least under present conditions. An important con- 
tribution of water from Sierra de Pie de Palo is 


evident in the southeast, ic. groundwater in this 


area shows isotopic values that are interpreted as a 
mixture of water from the San Juan River with 
water from the Sierra de Pie de Palo springs. (See 
also W90-09551) (Author’s abstract) 
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An isotope study was carried out on the Oruro- 
Caracollo fluvio-lacustrine basin on the Bolivian 
plateau (mean altitude 3700 m a.s.1.) 250 km south 
of La Paz near the town of Oruro and its famous 
tin, silver, and antimony mines. The distributions 
of natural isotopes (O-18, H-2, H-3, and C-14) 
revealed the presence of three different water 
types: (1) water from the surface aquifer through 
the alluvial cones at the foot of the Cordillera 
Oriental to the east; (2) thermal waters on the 
edges of the sedimentary basin, which have little 
effect on the aquifers studied; and (3) deep circula- 
tion water through the Tertiary volcanic basement 
rock (San Jose mines). It was demonstrated that 
flooding on the Oruro plateau plays no part in 
recharge and is totally lost to evaporation. On the 
basis of C-14 activity, a general direction of flow 
from northeast to southeast was deduced, with an 
estimated rate of flow of 1 m/a. The isotope data 
suggest that there is a hydrological division in the 
basement of the basin between the Kala Kaja and 
a well fields; it is also suggested that 
there is a line or fault running northeast to south- 
east in Kala Kaja along which water of deep origin 
rises. (See also W90-09551) (Author’s abstract) 
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The continuous increase of the C-14 groundwater 
ages along the subsurface pathway of the Great 
Hungarian Plain, from the infiltration areas down- 
gradient to the various discharge areas, yields flow 
velocities which are considerably lower than the 
ones obtained from hydraulic estimations. The 


delta D, delta O-18 and temperature data (derived 


from Ne, Ar, Kr, Xe) of the Holocene groundwat- 
ers correspond to the stable isotope data of recent 
—— oe i ion and to the soil tempera- 
ture in the infiltration area. In contrast, the ground- 
waters of C-14 ages beyond 10,000 to 12,000 years 
are isotopically depleted and show 5-7 C lower 
noble gas temperatures, which proves the ice age 
origin of these waters. He-3/He-4 measurements 
have shown that the He excess is mainly due to He 
of crustal origin but that it sometimes contains a 
small component of mantle-derived He too. This 
He excess seems to increase along the subsurface 
—. due to in situ production and to inflow 

m deep layers of the Earth’s crust and ihe 
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mantle. The deep groundwaters in the Pliocene 
layers are characterized by a good agreement be- 
tween the stable isotope data and the generally 
fairly high Cl(-) data, showing the occurrence of 
fossil, syngenetic sea water in some areas. (Au- 
thor’s abstract) 
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The relationships between the various aquifers 
tapped to supply the Montpellier region have not 
been clearly established. Several aquifers are linked 
in succession along a general flow gradient running 
north to south towards the sea. The major infiltra- 
tion zones in the north are Jurassic and Cretaceous 
karst massifs covering 250 sq km. A fault brings 
their southeastern boundary into contact with 
slump zones with Eocene and Oligocene infill. As 
a result, karst in which there are resurgences and 
in which deep circulation is possible. Further 
south, the Montpellier fold tectonic structure 
causes resurgence of the karstified massifs, firstly 
as outcroppings and then in palaeorelief at around 
100 m depth below the Astian and Viilafrancian 
sediments which make up the coastal plain. The 
geochemistry of the groundwaters is relatively uni- 
form in this area, where carbonates are predomi- 
nant; any sources of identifiable variation must be 
external to the enveloping rocks. The nitrate con- 
centrations over the area studied varied widely 
between 1.5 mg/L and 80 mg/L as a function of 
very different types of soil utilization, and this led 
to very divergent degrees of N-15 enrichment. For 
the confined karst waters at 19 C, an explanation 
based on direct mixing does not hold for both the 
thermal observations and the chemical and isotope 
concentrations. In particular, the highest delta N- 
15 values are for waters arising from assumed 
mixing. For the Astian waters, which are the only 
possible source of the nitrogen in transit at depth, a 
partial denitrification hypothesis can be consid- 
ered. In this way, by linking the isotopic chemistry 
with the thermal data, an adjustment model can be 
built up to show what parts the various constitu- 
ents play. The results obtained are in good agree- 
ment for all the parameters measured and also with 
other hydrogeological data. The estimates for ni- 
trate concentrations and for delta N-15 in the deep 
Astian after denitrification are compatible with the 
starting concentrations in the surface Astian, while 
observations elsewhere assume an enrichment 
factor of the order of--5 ppt. This model is likely to 
be refined by detailed study of the temporal se- 
7 : also W90-09551) (Author’s abstract) 
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FER IN THE CHAMPAGNE’ CHALK 
(FRANCE): ISOTOPIC AND CHEMICAL AP- 
PROACHES MOUVEMENTS DE L’EAU DANS 
LA ZONE NON SATUREE ET ALIMENTA- 
TION DE LA NAPPE DE LA CRAIE DE CHAM- 
PAGNE (FRANCE). 

Institut National de la Recherche Agronomique, 
Chalons-sur-Marne (France). Station d’Agronomie. 
P. Vachier, L. Dever, and J. C. Fontes. 

IN: Isotope Teck:niques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 


International Atomic Energy Agency, Vienna. 
1987. p 367-379. 11 fig, 1 tab, 17 ref. English 
summary. 


Descriptors: *Aquifer systems, *Geochemistry, 
*Geohydrology, *Groundwater § movement, 
*Groundwater recharge, *Isotope studies, *Un- 
saturated zone, Chalk, Champagne, France, 
Groundwater chemistry, Hydrogen radioisotopes, 


Water from the unsaturated zone in the chalk, 
obtained from porous plugs over a three year 
period, was subjected to chemical and isotope anal- 
yses. Tensiometric and volumetric water content 
measurements were carried out at the same time. 
The results obtained make it possible to establish 
an outline of the hydrodynamics of this porous, 
fissured chalk medium. Matrix porosity was 0.42 
while fissure porosity was in the region of 0.01. 
The tritium and nitrate concentrations in the water 
fix the mean residence time in the 20 meter unsatu- 
rated zone at about 30 years. The isotope profiles 
(O-18 and H-3) and their downward displacements 
make it possible to estimate the mean annual re- 
charge into the unconfined groundwater in the 
chalk (200 to 300 mm, depending on plant cover). 
The vertical movement of the solution in the 
porous matrix is dominated by the piston effect. 
Variations in O-18 concentration can be correlated 
with local climatic fluctuations. The recharge 
period runs from November to March, with 
summer rainfall playing no part. A comparison of 
H-2 and O-18 concentrations shows that even 
winter rainfall is partially removed by evaporation. 
(See also W90-09551) (Author’s abstract) 
W90-09972 


CONTRIBUTIONS OF ISOTOPE ANALYSES 

TO KNOWLEDGE OF THE ORIGINS OF 

GROUNDWATER IN ALLUVIAL PLAINS (AP- 

PORTS DES ANALYSES ISOTOPIQUES A LA 

CONNAISSANCE DE L’ORIGINE DES EAUX 

SOUTERRAINES DANS LES PLAINES ALLU- 
). 


VIALES). 

Grenoble-1 Univ. (France). Unit of Geology. 

J. Sarrot-Reynauld. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 381-402. 7 fig, 7 ref. English summary. 


Descriptors: *Alluvial plains, 
*Geochemistry, *Geohydrology, *Groundwater 
origins, ‘*Isotope studies, France, Grenoble, 
Groundwater recharge, Hydrogen radioisotopes, 
Hydrologic models, Stable isotopes, Sulfur radioi- 
sotopes. 


The aquifer formations in the alluvial plains of the 
Grenoble region are very heterogeneous. They are 
fed mainly by infiltration of water from the Isere, 
Drac, and Romanche Rivers, whose flows are 
mostly regularized by dams. The groundwater re- 
charges are thus much more homogeneous in their 
isotopic composition than recharges from precipi- 
tation. The presence in 1975-1976 of high concen- 
trations of tritium in precipitation and surface 
waters coinciding with a very marked drop in 
water temperatures and consequent alterations in 
O-18 concentrations makes it easier to identify the 
various groundwater circulations. The variations 
in tritium and O-18 concentrations in the ground- 
waters of the Grenoble basin and in the Rochefort- 
Fontagnieux, Jouchy, and Bourg-d’Oisans plains 
make it possible to demonstrate the presence in the 
alluvial deposits of the Isere, Drac, and Romanche 
(1) of waters which are very poor in tritium, well 
mixed, and probably ancient; (2) of recent waters 
transiting in favored horizons or channels, and 
which show very little mixing with the reserves in 
the aquifers; and (3) of waters resulting from more 
or less imperfect mixing between old waters and 
recent recharges or between recharges from suc- 
cessive years. It is thus possible to advance models 
representing the various supply modes of the 
aquifers and springs studied by taking into account 
the approximate proportions of the various con- 
stituents in the mixtures observed. Measurement of 
the sulfur isotope proportions gives the origins of 
the sulfates and sulfides in the waters from the 


*Aquifer systems, 
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Groundwater—Group 2F 


valleys of the Grenoble region and reveals the 
direct or indirect role played by Triassic evapor- 
ites in the mineralization of surface and under- 
ground waters. (See also W90-09551) (Author’s 
abstract) 

W90-09973 


ISOTOPIC STUDIES ON SEA WATER INTRU- 
SION AND INTERRELATIONS BETWEEN 
WATER BODIES: SOME FIELD EXAMPLES. 
Bhabha Atomic Research Centre, Bombay (India). 
Isotope Div. 

S. M. Rao, S. K. Jain, S. V. Navada, A. R. Nair, 
and K. Shivanna. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 403-425. 10 fig, 8 tab, 10 ref. 


Descriptors: *Aquifers, *Isotope studies, *Saline 
groundwater, *Saline water intrusion, *Stable iso- 
topes, Deuterium, Field tests, Geohydrology, 
India, Minjur aquifer, Oxygen isotopes, Saline- 
freshwater interfaces, Tritium. 


Environmental isotopes D, O-18, S-34 and H-3 
were employed along with major, minor and trace 
chemical species to study the salinization of the 
Minjur aquifer. The results showed that (a) the 
progressive increase in the salinity in the Minjur 
aquifer is attributable to sea water intrusion, (b) 
there appears to be considerable residence time of 
the sea water in the coastal sediments during intru- 
sion and (c) the pocket of hypersaline water near 
the coast is not of any connate origin but is attrib- 
utable to past salt-pan activity. In addition, ground- 
water velocity measurements carried out in some 
selected piezometers showed that the intrusion rate 
of salt water towards the aquifer well field is up to 
a few meters per day. Some examples of interrela- 
tions between water bodies investigated using envi- 
ronmental isotopes are: (1) Chilla hydel channel: 
Environmental deuterium was used to study the 
source of springs near the Chilla hydel channel; (2) 
Salal hydroelectric project: Environmental iso- 
topes D, O-18 and H-3 showed that the seepages in 
the tailrace tunnel through the dolomite hillock 
were local precipitation percolating through the 
fractures in the dolomite and that they have a 
residence time of 10 to 15 years; (3) Cauvery 
Delta: Interpretation of the isotopic data with geol- 
ogy, hydrochemistry and water levels leads to the 
conclusion that the shallow and deep aquifers in 
the deltaic area are not generally interconnected. 
(See also W90-09551) (Author’s abstract) 
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Six study cases are described in which a significant 
discontinuity is observed at the transition zone 
between phreatic and confined sections of an aqui- 
fer. The discontinuities are seen in the chemical 
composition, isotopic composition of D, O-18 and 
C-13, in the concentrations of age indicators, such 
as tritium, C-14 and He-4, as well as in the values 
of paleoclimate indicators, e.g. Ne, Ar, Kr and Xe 
or O-18. The age indicators are most useful in 
checking the degree of hydraulic communication 
occurring between phreatic and confined sections 
of an aquifer. The observations shed light on the 
importance of drainage as a factor regulating flow 
in confined systems. This explains reported dis- 
crepancies between hydrologically calculated 
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groundwater ages, based on gradients and trans- 
missivities, and much higher ages deduced from 
isotopic age indicators, e.g. C-14, He-4 or Cl-36. 
(See also W90-09551) (Author’s abstract) 
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The main (Sarmatian and Barremian-Jurassic) 
aquifers associated with the calcareous deposits of 
southern Dobruja were studied to obtain new in- 
formation on the qualitative and quantitative hy- 
drogeological parameters and to determine precise- 
ly where the recharge areas are in order to refine 
the hydrogeological models of the region. The 
research was from all angles; first of all, a new and 
thorough appreciation of the hydrogeological and 
geological structural framework was acquired and 
then all the water types in the region were sampled 
isotopically, with stress on the main aquifers. Ap- 
proximately 1000 analyses in all were carried out 
and used as a basis for the work; of these, about 
600 were isotope analyses (H-3, H-2, O-18, C-14 
and C-13). By interpreting the experimental data 
within the hydrogeological context, the recharge 
zones (natural or anthropogenic) for the aquifers 
were mapped out and the directions of flow and 
drainage areas established, along with certain 
quentitative parameters such as the real rates of 
flow through the aquifers and mean effective po- 
rosity. The important part played in this region by 
tectonics, which give rise to the conditions for an 
active, upwards exchange of waters, was revealed. 
A fairly complete hydrodynamic picture for each 
of the two aquifers was thus obtained. The final 
part of the paper contains some conclusio1s con- 
cerning corrections, using three standard methods, 
to the ages obtained by radiocarbon dating. Note- 
worthy points were that the age correction for the 
carbonate aquifers was -40%, whereas it was no 
more than -25% for the porous aquifers. (See also 
W90-09551) (Author’s abstract) 
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A combined interpretation is presented of the re- 
sults of isotope analyses of deep groundwaters, 
especially as encountered in the six Nagra deep 
boreholes in northern Switzerland. In the investi- 
gated area, several regional aquifers exist in the 
normal stratified sedimentary cover, and also in the 
deposits of the permo-carboniferous trench and in 
the rocks of the crystalline basement. The different 
groundwaters can be characterized by their chemi- 
cal composition and stable isotope (H-2 and O-18) 


contents. The results of C-14 and C-13 analyses, as 
far as they can be corrected for chemical reactions 
and isotope exchange processes within the aquifer, 
can be used to give information an the ranges of 
residence times, whereas young groundwater com- 
ponents can be detected by H-3 analyses. The 
process of interpretation is in progress and the final 
synthesis of the work has not yet been completed; 
however, current picture concerning the deep 
groundwaters in northern Switzerland can be char- 
acterized as follows: The groundwaters within the 
sedimentary aquifers of the Lower Freshwater 
Molasse (USM) and Malm, the Keuper and the 
Upper Muschelkalk have evolved almost separate- 
ly. For the USM/Malm groundwater, different 
indications suggest a gradual mixing process going 
on between a low-mineralized younger groundwat- 
er component and a highly mineralized former 
formation water. The groundwater in the Keuper 
aquifer as sampled at the Riniken borehole seems 
to have evolved with almost no contact with near- 
surface components. The groundwaters of the aq- 
uifer o ‘the Upper Muschelkalk show a wide varie- 
ty of mixing processes with near-surface ground- 
waters, depending on the local geological situation 
(e.g. outcrops, tectonic events) and the induced 
pattern of the hydrodynamic flow-systems. In con- 
trast, interformational mixing influences are found 
in the groundwaters within the deeper sedimentary 
aquifers of the Buntsandstein and the Upper Permi- 
an and the underlying crystalline basement rocks. 
(See also W90-09551) (Author’s abstract) 
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Results are reported of an isotopic and geochemi- 
cal study of groundwater in wet alluvial fan depos- 
its in the Terai Plain of southern Nepal. Local, 
intermediate, and regional scale groundwater flow 
systems are suggested by the areai and vertical 
distributions of the isotopes and dissolved solids 
along principal flow paths within the alluvial fan 
deposits. Most groundwater is recharged by pre- 
cipitation during the annual monsoon and by the 
Tinau River where it leaves the Himalayan uplift. 
Delta O-18 and delta H-2 of the groundwater 
range from -10.3 to -6.4 ppt and from -79 to -51 
ppt, respectively (relative to SMOW), and plot on 
a line parallel to the global average meteoric water 
line. The delta O-18 and delta H-2 contents gener- 
ally increase from the recharge area to the dis- 
charge area, and coincide with an increase in dis- 
solved solids from about 100 to 400 mg/L. All 
groundwater is of the calcium-magnesium bicar- 
bonate type. The tritium content of groundwater 
reflects variations in atmospheric bomb tritium 
during the past three decades. Tritium increases 
downgradient from approximately 20 TU in the 
recharge area to approximately 80 TU in the dis- 
charge area, and then decreases below detection 
limits (10 TU) near the southern margin of the 
study area. An average linear groundwater veloci- 
ty of 2 to 3 meters per day, estimated from the 
tritium data, compares favorably with velocities 
determined from aquifer tests. (See also W90- 
09551) (Author’s abstract) 
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The major aquifer of the Cul-de-Sac Plain consists 
of a Quaternary multilayer alluvial formation occu- 
pying a graben between two Eocene karst anticlin- 
oriums. Environmental isotopes clearly delineate 
the origin and major flow patterns of groundwater 
in this aquifer and its relationship with the karst 
systems. The major source of recharge is the Ri- 
viere Grise, but other sources from the southeast- 
ern karst are also important. The northern karst 
does not contribute significantly. The origin of 
groundwater salinization in the northern part of 
the plain and in the zone of Port-au-Prince is also 
being investigated with isotopes. It appears that 
this is derived from mixing with a saline water 
which is slightly enriched in heavy isotopes with 
respect to fresh groundwater but obeys the same 
delta O-18/delta D relationship. Possible mecha- 
nisms of saline water formation are discussed 
which could account for the isotopic enrichment 
observed. Saline groundwater may derive from 
water submitted to evaporation in conditions of 
high relative humidity or it may have formed 
during a period when the isotopic composition of 
precipitation was slightly enriched in heavy iso- 
topes in comparison to the present. Sea water 
intrusion induced by exploitation is responsible for 
water salinization in wells close to the coast in the 
area of Port-au-Prince. (See also W90-09551) (Au- 
thor’s abstract) 
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Groundwater exploration is characterized by a re- 
quirement for reconnoitering large expanses of arid 
or semi-arid terrain, with a goa! of minimum ex- 
penditure of time and expense. The remote sensor 

acquiring the shortest wavelength data is the 
gamma-ray spectrometer. Satellite and space shut- 
tle imagery is a primary groundwater exploration 
reconnaissance tool, because of the synoptic infor- 
mation presented, and the inherent discrimination 
permitted. Ha’il Province, in the northern Arabian 
Shield, was studied with Landsat 3 data; enhanced 
by image correction to remove the undesired ef- 
fects of sun elevation variance, atmospheric haze, 
striping, noise patterns, dropped lines, and geomet- 
ric distortions; and by the hybrid ratio method to 
produce images most useful for detection of subtle 
physiographic features. The enhancement tech- 
niques not only facilitated geologic interpretation 
but also permitted detection of phreatophytic 
vegetation, which, in the wild state, is an indicator 
of groundwater. Far infrared (8-14 micrometer) 
remote sensing detects solar energy that is ab- 
sorbed by an object, and reradiated as thermal 
energy, and self-emitted thermal energy. Synthetic 
aperture radar (SAR) responds to surface cover 
texture and geometry and shows the brightest 
return signals from bare areas. The sequence leads 
to a combined grouping of satellite and space shut- 
tle sensing in the predominantly visible spectrum 
region. This technology, and that of synthetic ap- 
erture radar (SAR), comprise the synoptic, areal 
reconnaissance foundation for follow-up, detail 
work using the other remote sensing techniques of 
gamma-ray spectrometry, far (8-14 micrometer) in- 
frared scanning, and aeromagnetometry. (See also 
W90-10068) (Brunone-PTT) 

W90-10069 


HYDROGEOLOGIC INVESTIGATIONS CON- 
DUCTED TO ESTIMATE GROUND WATER 
FLOW RATES INTO A SURFACE MINING PIT 
USING A COMPUTER MODEL. 

Davis (Ken E.) Associates, Baton Rouge, LA. 
K. Forster. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
So an Bethesda, Maryland. 1987. p 79-83. 2 fig, 2 
ref. 


Descriptors: *Coal mining, *Computer models, 
*Groundwater movement, ‘*Mine drainage, 
*Model studies, *Soil types, *Stream discharge, 
Geohydrology, Hydraulic conductivity, Hydraulic 
gradient, Pressure distribution. 


During surface mining, inflow of groundwater into 
a pit can cause operational problems and lower 
coal quality. This problem was studied in a mining 
area bounded on the west and north sides by a 
large creek. The overburden material consists of 
sand, silt and clay. During mining the bottom of 
the mining pit will be located 150 feet from the 
bank of the creek and 15 to 20 feet below the water 
level in the creek. The mining company was con- 
— that water from the creek could flow 
through the sands above and below the coal seam 
into the pits. An estimate of the amount of water 
that would flow into the pit was needed. Data had 
been collected in the mining area which character- 
ized the hydrogeology of the site. A computer 
model, calculating the pressure changes over a grid 
composed of cells of soil types in the test area, was 
utilized to estimate the water inflow rate and the 
direction of flow of groundwater within the mate- 
rial above and below the coal seam. The calcula- 
tions indicated inflow rates of 40 gal/min into the 
test pit. A test pit was excavated to the top of the 
coal seam. The test pit was 100 feet long, 30 feet 
wide, 25 feet deep and 150 feet from the creek 
bank in the same area as simulated by the model. 
Inflow of water into the test pit came from the 
sand above the overburden and not from the sand 
below the coal seam on the sides away from the 
creek. Groundwater flow into the test pit was 
dependent upon the hydraulic conductivity of the 
formations, available water in storage and the 
energy available to drive the fluid through the 
rocks. The inflow rates into the pit confirmed the 
rates estimated by the computer model, but not the 
direction of flow. (See also W90-10068) (Author’s 
abstract) 
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SURFACE AND GROUND WATER PROTEC- 
TION AS RELATED TO PUBLIC MINERALS. 
Bureau of Land Management, Washington, DC. 
Div. of Minerals Environmental Assessment. 


For primary bibliographic entry see Field 5G. 
W90-10079 


SEMI-EMPIRICAL METHOD FOR PREDICT- 
ING HYDROLOGIC IMPACTS OF UNDER- 
GROUND MINING IN _ FRACTURE-CON- 
TROLLED GROUNDWATER FLOW SYSTEMS. 
Applied Hydrology Associates, Inc., Denver, CO. 
For primary bibliographic entry see Field 4C. 
W90-10083 


PREDICTING THE IMPACTS OF A LOGICAL 
MINING UNIT SYSTEM ON THE WATER RE- 
SOURCES OF AN AREA. 

Consolidation Coal Co., Library, PA. Research 
and Development Dept. 

For primary bibliographic entry see Field 4C. 
W90-10084 


GROUND WATER QUALITY PROTECTION, 
iG, AND MINING FACILITIES IN 


Utah Bureau of Water Pollution Control, 
Lake City. 

For primary bibliographic entry see Field 5G. 
W90-10094 


Salt 


MONTE CARLO SIMULATIONS OF UNSATU- 
RATED FLOW THROUGH LAYERED VOL- 
CANIC TUFFS AT YUCCA MOUNTAIN, 
NEVADA. 

Colorado State Univ., Fort Collins. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5B. 
W90-10098 


PREDICTING THE INFLUENCES OF POST- 
MINING CONDITIONS ON SURFACE AND 
GROUNDWATER RESOURCES. 

Applied Hydrology Associates, Inc., Denver, CO. 
For primary bibliographic entry see Field 4C. 
W90-10100 


PIEZOMETER INSTALLATION AND MONI- 
TORING UNDER ARTESIAN CONDITIONS. 
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For primary bibliographic entry see Field 7B. 
W90-10116 


VAPORIZING VOCS. 
Michigan Technological Univ., 
of Civil Engineering. 

For primary bibliographic entry see Field 5G. 
W90-10213 


Houghton. Dept. 


PLANTING FLEXIBILITY: IMPLICATIONS 
FOR GROUNDWATER PROTECTION. 
Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 


For primary bibliographic entry see Field 5G. 
W90- 10226 


NITRATE GROUNDWATER STANDARD FOR 
THE 1990 FARM BILL. 


Maryland Univ., College Park. Dept. of Agrono- 
my: 


For primary bibliographic entry see Field 5G. 
W90-10231 


DETERMINATION OF HYDRAULIC CON- 
DUCTIVITY AND POROSITY LOGS IN 
WELLS WITH A DISTURBED ANNULUS. 
Nevada Univ., Reno. Desert Research Inst. 

K. Taylor, and F. Molz. 

Journal of Contaminant Hydrology JCOHE6, Vol. 
5, No. 4, p 317-332, May 1990. 9 fig, 11 ref. EPA 
Contracts CR 813647010 and CR 812713. 


Descriptors: *Borehole geophysics, *Data acquisi- 
tion, *Hydraulic conductivity, *Induction logging, 
*Porosity, *Well logs, *Wells, Field tests, Ground- 
water movement, Hydraulic head, Mathematical 
studies. 


A method is developed to determine the hydraulic 
conductivity and porosity of the formation sur- 
rounding a well as a function of depth. An electri- 
cally anomalous fluid is injected into a fully 
screened well and the radius of invasion is deter- 
mined by induction logging. The radius of invasion 
is determined at several times so that the rate of 
invasion as a function of depth can be calculated. 
Using the knowledge of the rate of invasion and 
the hydraulic head required to inject the tracer, a 
hydraulic conductivity log can be calculated. A 
porosity log can be obtained using Archie’s rule 
and a model of formation electrical conductivity 
that accounts for the influence of the electrical 
conductivity of the formation matrix. The logs 
calculated by this method are insensitive to near- 
hole drilling disturbances. Field trials demonstrate 
that the results of this method agree well with 
other methods. (Author’s abstract) 

W90-10277 


DISTRIBUTION OF METALS IN A POLLUT- 
ED AQUIFER: A COMPARISON OF AQUIFER 
SUSPENDED MATERIAL TO FINE SEDI- 
MENTS OF THE ADJACENT ENVIRONMENT. 
Weizmann Inst. of Science, Rehovoth (Israel). 
Dept. of Isotope Research. 

For primary bibliographic entry see Field SB. 
W90-10278 


REVIEW OF GROUNDWATER MANAGE- 
MENT MODELS. 

Geological Survey, Menlo Park. CA. 

S. M. Gorelick. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 103-121, 
1 fig, 31 ref. 


Descriptors: *Groundwater management, 
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ment. 


The joint use of groundwater simulation models 
and optimization methods which simulate ground- 
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water hydraulics, or groundwater solute behavior 
by solving governing partial differential equations, 
are reviewed. Studies combining aquifer simulation 
with management models may be grouped into 
two categories; those that differentiate between 
models primarily concerned with management de- 
cisions about groundwater hydraulics, and those 
concerned with policy evaluation as well as the 
economics of water allocation. Management deci- 
sions as well as simulation of groundwater behav- 
ior are accomplished simultaneously with two 
techniques; the embedding method, and the re- 
sponse matrix approach. Groundwater policy eval- 
uation and allocation models include: hydraulic- 
economic response models; linked simulation-opti- 
mization models; and hierarchical models. The 
joint use of numerical simulation and linear pro- 
gramming has been applied to groundwater pollut- 
ant source management. Different types of man- 
agement models have also been developed for 
steady-state pollutant distributions, which often 
represent a worst-case pollution scenario, and for 
transient cases involving solute redistribution. Dis- 
tributed parameter models of groundwater hydrau- 
lic or solute behavior have been combined with 
optimization techniques in mathematical program- 
ming to inspect a variety of aquifer management 
problems. In addition to mathematical program- 
ming techniques, parameter estimation models that 
use regression methods might be linked with man- 
agement models. The result could be models that 
use the best set of hydraulic parameters, that deter- 
mine optimal management plans, and that give 
information about the reliability and sensitivity of 
management solutions. (See also W90-10358) 
(White-Reimer-PTT) 

W90- 10367 


IMPACT OF AGRICULTURAL ACTIVITIES 
ON GROUND WATER. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field 5B. 
W90-10388 


ATMOSPHERE-SOIL-PLANT SYSTEM AND 
THE WATER CYCLE. 

For primary bibliographic entry see Field 2A. 
W90-10389 


MOVEMENT OF AGROCHEMICALS IN THE 
UNSATURATED AND SATURATED ZONES. 
For primary bibliographic entry see Field 5B. 
W90-10390 


IMPACT OF FERTILIZERS AND PESTICIDES 
ON GROUNDWATER QUALITY. 

For primary bibliographic entry see Field 5B. 
W90-10391 


INFLUENCE OF IRRIGATION AND DRAIN- 
AGE. 


E. Romijn. 

IN: Impact of Agricultural Activities on Ground 
Water, International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 131-148. 2 fig, 3 tab, 7 ref. 


Descriptors: *Drainage effects, *Drainage systems, 
*Groundwater quality, *Irrigation, *Irrigation ef- 
fects, *Water pollution sources, Acidification, Ag- 
riculture, Evaporation, Groundwater depletion, 
Leaching, Soil water, Subsidence. 


With an aim of maximizing the net profit from 
agriculture, irrigation and drainage are used to 
optimize soil water conditions both with respect to 
quantity (prevention of excess or shortage) and 
quality (prevention of accumulation of salts in the 
root zone). Irrigation implies irretrievable losses of 
water from the hydrological system by evapora- 
tion. These losses impose a heavy demand on 
water resources, either surface water or ground- 
water. A drop in groundwater level by overpump- 
ing may cause harmful side effects such as land 
subsidence or with respect to water resources, 
upconing of underlying saline groundwater or in 
coastal areas, seawater intrusion. Two main side 
effects of irrigation with respect to groundwater 


are: leaching of salts accumulated in the soil and 
leaching of fertilizers. The side effects of drainage 
depend on the texture and chemical composition of 
the soil. Secondary side effects result from intensi- 
fication of agriculture, related to drainage. This 
may result in a higher use of fertilizers or higher 
density of livestock and related hazards for 
groundwater pollution. In addition, drainage may 
cause acidification of soils containing sulfides and 
combustion of peat layers, both by aeration. (See 
also W90-10388) (Agostine-PTT) 
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MATHEMATICAL MODELS. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field 5G. 
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GROUNDWATER QUALITY MONITORING 
UNDER DIFFERENT AGRICULTURAL CON- 
DITIONS. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field SB. 
W90-10394 


IMPACT OF AGRICULTURE ON GROUND- 
WATER IN IRELAND. 

Geological Survey of Ireland, Dublin. 

For primary bibliographic entry see Field 4C. 
W90-10397 


ELEVATED LEVELS OF NITRATE IN 
GROUND WATER BENEATH INTENSIVELY 
GRAZED PASTURELAND IN NEW ZEALAND. 
Ministry of Works and Development, Christ- 
church (New Zealand). Water and Soil Science 
Centre. 

For primary bibliographic entry see Field SB. 
W90-10398 


DISTRIBUTION OF AGRICULTURAL SOIL 
LEACHATES IN THE UNSATURATED ZONE 
OF THE BRITISH CHALK. 
Institute of Geological Sciences, 
(England). Hydrogeology Unit. 

For primary bibliographic entry see Field 5B. 
W90-10399 


Wallingford 


PREDICTION OF VARIATIONS IN GROUND- 
WATER QUALITY UNDER THE INFLUENCE 
OF PEN SEWAGE IRRIGATION. 

Vsesoyuznyi Nauchno-Issledovatel’skii Inst. Gi- 
drogeologii i Inzhenerdoi Geologii, Moscow 
(USSR). 

For primary bibliographic entry see Field 5B. 

W90- 10400 


NUMERICAL SIMULATION OF THE EFFECT 
OF SOIL NITROGEN TRANSPORT AND 
TRANSFORMATIONS ON GROUNDWATER 
CONTAMINATION. 

California Univ., Berkeley. Lawrence Berkeley 
Lab. 

For primary bibliographic entry see Field 5B. 
W90-10401 


FACTORS OF BACTERIA AND VIRUS TRANS- 
PORT IN GROUNDWATER. 

Kiel Univ. (Germany, F.R.). Geologisch-Palaeon- 
tologisches Inst. und Museum. 

For primary bibliographic entry see Field 5B. 
W90-10402 


PROCEEDINGS OF THE CONFERENCE ON 
GEOSTATISTICAL, SENSITIVITY, AND UN- 
CERTAINTY METHODS FOR GROUND- 
WATER FLOW AND RADIONUCLIDE TRANS- 
PORT MODELING. 

For primary bibliographic entry see Field 5B. 
W90- 10404 


OVERVIEW OF GROUNDWATER FLOW AND 
RADIONUCLIDE TRANSPORT MODELING 


IN THE CANADIAN NUCLEAR FUEL WASTE 
MANAGEMENT PROGRAM. 

Atomic Energy of Canada Ltd., Pinawa (Manito- 
ba). Whiteshell Nuclear Research Establishment. 
For primary bibliographic entry see Field 5E. 
W90-10406 


TREATMENT OF UNCERTAINTIES IN 
GROUND-WATER FLOW MODELING IN THE 
SWISS RADIOACTIVE WASTE PROGRAM. 
Nationale Genossenschaft fuer die Lagerung Ra- 
dioaktiver Abfaelle, Baden (Switzerland). 

For primary bibliographic entry see Field 5E. 
W90-10407 


IMPROVING THE EFFICIENCY OF MONTE 
CARLO SIMULATION FOR GROUNDWATER 
TRANSPORT MODELS. 

Massachusetts Inst. of Tech., Cambridge. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 5B. 
W90-10412 


REPRESENTATIVE ELEMENTS: A STEP TO 
LARGE-SCALE FRACTURE SYSTEM SIMULA- 
TION. 

Idaho National Engineering Lab., Idaho Falls. 

T. M. Clemo. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 213-227. 6 fig, 13 ref. U.S. 
Department of Energy contract no. DE-ACO07- 
761D01570. 


Descriptors: *Flow models, *Fracture permeabil- 
ity, *Geohydrology, ‘*Geologic fractures, 
*Groundwater movement, *Permeability, *Simula- 
tion analysis, *Stochastic models, Parameteriza- 
tion, Probability distribution, Stochastic hydrolo- 
gy. 


Large-scale simulation of flow and transport in 
fractured media requires the development of a 
technique to represent the effect of a large number 
of fractures. Representative elements are used as a 
tool to model a subset of a fracture system as a 
single distributed entity. Representative elements 
are part of a modeling concept called dual perme- 
ability. Dual permeability modeling combines dis- 
crete fracture simulation of the most important 
fractures with the distributed modeling of the less 
important fractures of a fracture system. Stochastic 
analysis was used to determine properties of repre- 
sentative elements. Given an assumption of fully 
developed laminar flow, the net fracture conduc- 
tivities and hence flow velocities can be deter- 
mined from descriptive statistics of fracture spac- 
ing, orientation, aperture, and extent. The distribu- 
tion of physical characteristics about their mean 
leads to a distribution of the associated conductiv- 
ities. The variance of hydraulic conductivity in- 
duces dispersion into the transport process. Simple 
fracture systems were treated to demonstrate the 
usefulness of stochastic analysis. Explicit equations 
for conductivity of an element were develo 
along with the dispersion characteristics. Explicit 
formulations of the hydraulic conductivity ana 
transport dispersion reveals the dependence of 
these important characteristics on the parameters 
used to describe the fracture system. Understand- 
ing these dependencies will help to focus efforts to 
identify the characteristics of fracture systems. 
Simulations of stochastically generated fracture 
sets do not provide this explicit functional depend- 
ence on the fracture system parameters. (See also 
W90-10404) (Author’s abstract) 

W90-10415 


SOME UNCERTAINTIES ABOUT UNCER- 
TAINTY. 


British Columbia Univ., Vancouver. 
For primary bibliographic entry see Field 5E. 
W90-10416 





UNCERTAINTY IN FORECASTING BREAK- 
THROUGH OF FLUID TRANSPORTED 
THROUGH FRACTURES. 

Stanford Univ., CA. Dept. ‘of Petroleum Engineer- 
ing. 

R. N. Horne. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 261-274. 6 fig, 2 tab, 29 ref. 


Descriptors: *Fracture permeability, *Geohydro- 
logy, *Geothermal studies, *Geothermal water, 
“Groundwater movement, *Uncertainty, Data in- 
terpretation, Forecasting, Geologic fractures, 
Tracers. 


Tracer experiments in geothermal reservoirs em- 
phasize the very great variability in rates of fluid 
movement through fractured rocks. This variabili- 
ty extends from the 10-meter to the kilometer- 
length scale. Thus tracer returns have been ob- 
served at some locations within hours at distances 
of up to 1 kilometer from the injection point, while 
other much nearer locations in the same formation 
do not observe the tracer until much later. In 
addition, transport rates have been extremely fast 
(up to 100 m/hr) even over such distances. The 
results of a large number of tracer tests in several 
different fractured reservoirs were compiled. In 
some cases, large-scale geologic features, such as 
faults, are responsibie for the variations in tracer 
return time. In other cases, there is no clear physi- 
cal description that explains the differences. These 
results suggest that there will be no prior way of 
forecasting transport rates in fractured systems 
without performing a tracer test. The forecasting 
of injected water breakthrough would require the 
knowledge of the position of all major faults in 
three dimensions throughout the reservoir. Be- 
cause this is usually only partially realizable, there 
seers no alternative but to carry out a series of 
tracer tests to determine these connections. (See 
also W90-10404) (Author’s abstract) 
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PARAMETER SENSITIVITY AND IMPOR- 
TANCE FOR RADIONUCLIDE TRANSPORT 
IN DOUBLE-POROSITY SYSTEMS. 

Sandia National Labs., Albuquerque, NM. Earth 
Sciences Div. 

For primary bibliographic entry see Field 5B. 
W90-10419 


SENSITIVITY INDEX AS A SCREENING 
TOOL IN THE ANALYSIS OF GROUND- 
WATER CONTAMINANT TRANSPORT. 
Clemson Univ., SC. 

For primary bibliographic entry see Field 5B. 
W90-10420 


EFFECT OF VARIABLE FRACTURE PERME- 
ABILITY/MATRIX PERMEABILITY RATIOS 
ON THREE-DIMENSIONAL FRACTURED 
ROCK HYDRAULIC CONDUCTIVITY. 

Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

T. C. Rasmussen, T. C. Jim Yeh, and D. D. Evans. 
IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. Battelle Press, Columbus, Ohio. 1989. p 
337-258. 12 fig, 4 tab, 24 ref. 


Descriptors: *Fracture permeability, *Geohydro- 
logy, *Geologic fractures, *Groundwater move- 
ment, *Hydraulic conductivity, *Matrix permeabil- 
ity, *Permeability, *Sensitivity analysis, Analytical 
techniques, Boundary integral method, Boundary 
processes, Flow models, Mathematical equations, 
Simulation analysis. 


A boundary integral method sensitivity analysis 
was used to determine the relative contribution to 
total liquid flow through a rock block by flow 
through the rock matrix and by flow through 
discrete fractures embedded within the rock 


matrix. Total liquid flow through a rock block 
with embedded fractures of arbitrary density, ori- 
entation, permeability, shape, and areal extent was 
simulated by discretizing the fracture-matrix 
boundary and the exterior surface of the rock 
sample using boundary elements. Steady liquid 
flow through fractures was computed by creating 
nodes along the outer rim of each fracture and 
then routing between nodes within the fracture 
plane using a two-dimensional boundary integral 
formation. Flow between fractures was calculated 
by assigning boundary nodes along fracture inter- 
sections. Liquid flow through the rock matrix was 
calculated by employing a_ three-dimensional 
boundary integral formulation for nodes on frac- 
ture boundaries and on the exterior surfaces of the 
road block. Constant matrix permeability and frac- 
ture permeability with individual fractures were 
assumed. Simulations were performed to investi- 
gate the effects on the global vertical hydraulic 
conductivity of: (1) variable fracture permeability/ 
constant matrix permeability ratios due to variable 
water saturation or to geochemical effects such as 
dissolution or chemical precipitation; (2) fracture 
orientation with respect to a vertical gradient 
vector; (3) fracture length relative to the flow 
domain. Resulis for both two-dimensional and 
three-dimensional flow domains indicate that when 
individual fractures fully bisect the flow domain 
and are aligned parallel, perpendicular, or diagonal 
to the flow direction, the global vertical hydraulic 
conductivity can be related to fracture permeabil- 
ity and constant matrix permeability using the 
arithmetic, harmonic, or geometric means, respec- 
tively, with account taken for the widths of the 
two media. The influence of fractures which do 
not fully divide the matrix is substantially reduced 
over fractures which bisect the flow domain. (See 
also W90-10404) (Author’s abstract) 

W90-10421 


THREE-DIMENSIONAL GEOMETRIC MOD- 
ELLING OF A FRACTURE NETWORK. 

Bureau de Recherches Geologiques et Minieres, 
Orleans (France). 

For primary bibliographic entry see Field 7C. 
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SOME RECENT OBSERVATIONS OF CHAN- 
NELING IN FRACTURED ROCKS-ITS POTEN- 
TIAL IMPACT ON RADIONUCLIDE MIGRA- 
TION. 

Royal Inst. of Tech., Stockholm (Sweden). Dept. 
of Chemical Engineering. 

I. Neretnieks, H. Abelin, and L. Birgersson. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. Battelle Press, Columbus, Ohio. 1989. p 
387-410. 14 fig, 12 tab, 10 ref. 
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Data collections, Flow discharge, Flow rates, Hy- 
draulic conductivity, Model studies, Radioisotopes, 
Tunnels, Underground waste disposal. 


Water flow is very unevenly distributed in frac- 
tured crystalline rocks. In a field experiment in the 
Stripa international research project it was noted 
that most of the naturally flowing water emerged 
in a few spots. In an experimental drift 700 sq m of 
the walls and ceiling were covered with more than 
375 plastic sheets. Water flowrates were measured 
in all sheets. The results showed large areas that 
were practically dry (about 70 %), and in the area 
where water flows the flowrate varied consider- 
ably between different spots. Tracer tests per- 
formed in both the above experiments also showed 
some clear channeling effects. Observations over 
more than 5 km in two long tunnels, the Bolmen 
and Kymmen tunnels, show that the water 
emerges in distinct spots. In the tunnels the spots 
are clearly seen because iron hydroxides precipi- 
tate from the water. The spots are typically less 
than 1 meter long along a fracture or fracture 
intersection. Typically there are one or a few such 
spots over an area of 100 square meters. A detailed 
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mapping of the Kymmen tunnel has given quantita- 
tive information on the number and flowrates of 
channels. In the site of the Repository for Reactor 
Waste that was recently excavated, a detailed map- 
ping of all wet spots shows that there is on the 
average about one wet spot every 85 square 
meters. The observed wet spots account for most 
of the water inflow. There is additional diffuse 
inflow of water, and 18 spots over an area of 
14,000 square meters carry 50 percent of the water. 
The potential impact of pure channel flow on 
radionuclide transport and retardation was investi- 
gated. A simple model was made based on the 
assumption that the channels are independent over 
a certain distance. The transport properties in such 
a bundle of channels have been shown to be differ- 
ent in some important respects from the properties 
of a highly fractured medium. Model calculations 
show that the few fast channels with the little 
sorption area may carry sorbing radionuclides at a 
rate that may not let nuclides decay as well as if 
the rock were more, and more evenly, fractured. 
(See also W90-10404) (Author’s abstract) 
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TRANSPORT OF DISSOLVED SUBSTANCES 
IN FISSURED GRANITE. 

Bundesanstalt fuer Geowissenschaften und Roh- 
stoffe, Hanover (Germany, F.R.). 

L. Liedtke, and A. Pahl. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 411-423. 15 fig, 6 ref. 
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method, Flow discharge, Flow rates, Spatial distri- 
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Several research projects have been under way in 
the Grimsel rock laboratory (Switzerland) since 
1983. In the Fracture System Flow Test project, 
the development of methods and equipment for 
studying flow rate in fissured rock is being contin- 
ued. Ten cored boreholes up to 135 m long were 
drilled for this purpose. The configuration of these 
holes, serving as injection boreholes and observa- 
tion holes in specific rock sections, was designed 
according to the geological structures in the rock 
around the tunnels of the rock laboratory. Since 
1986, tracers have been added to the iniected water 
so that detailed measurements on injected water 
volumes, pressure heads, and flow rates could be 
made. Nonlinear flow rates are used for calculating 
the size of the fissures, the storage capacity, and 
the permeability tensor under non-steady-state con- 
ditions. The calculations were done with a finite- 
element program. With this program fissures can 
be modeled using tubular, discoid, or any other 
spatial element. Variation of the individual param- 
eters provides an indication of the quality of the in 
situ experiments and the numerical models. (See 
also W90-10404) (Author’s abstract) 
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APPLICATION OF STOCHASTIC METHODS 
FOR THE SIMULATION OF SOLUTE TRANS- 
PORT IN DISCRETE AND CONTINUUM 
MODELS OF FRACTURED ROCK SYSTEMS. 
British Columbia Univ., Vancouver. Dept. of Geo- 
logical Sciences. 

L. Smith, F. Schwartz, and C. Mase. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 425-440. 7 fig, 2 tab, 19 ref. 
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Two issues currently limiting the application of 
solute transport models in fractured rock systems 
were examined. Existing continuum models, devel- 
oped originally for porous media, invariably 
assume dispersion is an isotropic process, although 
dispersion is known to be an anisotropic process in 
fractured rock. A continuum approach was used 
that can account for ansiotropic dispersion in a 
network of finite-length fractures. The technique is 
based on particle-tracking methods. Statistics de- 
scribing particle transport were collected from a 
discrete fracture model. This discrete model is a 
smail-scale prototype of the much larger system of 
interest. These statistics were used to control the 
pattern of transport in the larger continuum, ena- 
bling researchers to mimic in the larger system the 
particle transport that is observed in the smaller 
system. The second issue addressed concerned the 
magnitude of potential error in the interpretation 
of hydraulic and tracer tests to estimate fracture 
aperture. Discrete network models require data on 
fracture aperture to transform a geometric model 
of the network into a hydraulic model. Numerical 
experiments were carried out that suggest that 
large differences in aperture estimates based on 
hydraulic and tracer tests are possible because of 
differing sensitivity to the effects of network ge- 
ometry and spatial variability in aperture. Difficul- 
ties arose from the application of an axisymmetric 
flow model to characterize the velocity field 
within the fracture isolated for testing. (See also 
W90-10404) (Author’s abstract) 
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EQUIVALENT PERMEABILITY OF STATISTI- 
CALLY SIMULATED SINGLE FRACTURES. 
Lawrence Berkeley Lab., CA. Earth Sciences Div. 
K. Coakley, K. Muralidhar, J. C. S. Long, and L. 
R. Myer. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
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A statistical model for simulating void spaces and 
contact areas in a single fracture was developed. 
The two-point correlation function as a connecti- 
vity statistic for the void spaces was identified. 
Given an observed pattern of fracture void spaces 
and contact areas in the plane of the fracture (from 
a metal injection experiment), other statistically 
similar void space geometries (with variable or 
constant aperture distributions), which have the 
same two-point correlation function as the ob- 
served void space geometry were simulated. 
Finite-difference procedures to compute equivalent 
permeabilities of the real and simulated fractures 
were used. Fluid flow in these complex geometries 
was solved in two ways: first by assuming Darcy’s 
law and then by solving the three-dimensional 
Navier-Stokes equation for laminar flow. When 
assuming Darcy’s law, local hydraulic conductivi- 
ty was equated to contact areas in order to circum- 
vent computer time problems. Both flow models 
account for complex boundary shapes. The equiva- 
lent permeabilities computed with Navier-Stokes 
model were always less than the equivalent per- 
meabilities computed with the Darcy’s law model. 
However, solution with Navier-Stokes model was 
much more difficult than with the simpler and 
quicker Darcy’s law model. Using the Darcy 
model, the variability of permeability and scale 
effects was studied. The equivalent permeability of 
simulated fractures was compared to observed 
fracture. A lower bound for the variability of 
equivalent permeability using Darcy’s law was 
demonstrated. The bound applies to fractures with 
contact area and void spaces with constant aper- 
tures and incorporates knowledge of contact area 


percentage, scale, and spatial correlation. The 
bound was then extended to the case where voids 
have variable aperture distributions. (See also 
W90-10404) (Author’s abstract) 
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ING. 
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METHODS. 
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IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
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California. CONF-870971. Battelle Press, Colum- 
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Groundwater travel time predictions at potential 
high-level waste (HLW) repositories are subject to 
a degree of uncertainty due to the scale of averag- 
ing incorporated in conceptual models of the 
ground-water flow regime as well as the lack of 
data on the spatial variability of the hydrogeologic 
parameters. Both of these sources of uncertainty 
are related to the spatial correlation of these pa- 
rameters, in particular the permeability. The effect 
of limited observations of a spatially correlated 
permeability field on the predicted ground-water 
travel time uncertainty was studied. Varying per- 
meability correlation lengths were used to investi- 
gate the importance of this geostatistical property 
on the tails of the travel time distribution. Both 
geostatistical and differential analysis (first order, 
second moment) techniques were used. Following 
the generation of a spatially correlated permeabil- 
ity field which is considered ‘reality,’ semivario- 
gram analyses were performed upon small random 
subsets of the generated field to determine the 
geostatistical properties of the field represented by 
the observations. Kriging was then employed to 
generate a kriged permeability field and the corre- 
sponding standard deviation of the estimated field 
conditioned by the limited observations. Using 
both the ‘real’ and ‘kriged’ fields, the ground-water 
flow regime was simulated and ground-water 
travel paths and travel times were determined for 
various starting points. These results were used to 
define the ground-water travel time used to define 
the ground-water travel time uncertainty due to 
path variability. The variance of the ground-water 
travel time along particular paths due to the vari- 
ance of the permeability field estimated using krig- 
ing was then calculated using the first order, 
second moment method. Results indicated that it is 
possible to determine the uncertainty of the pre- 
dicted ground-water travel time with a limited 
number of observations. However, the uncertainty 
is greatly affected by the correlation within the 
field of interest. (See also W90-10404) (Author’s 
abstract) 
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EWA, Inc., Minneapolis, MN. 
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IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
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certainty. 


A geostatistical approach was applied to the hy- 
drologic data collected in the Priest Rapids 
Member of the Wanapum Basalt Formation at the 
Hanford Site. In this approach, transmissivities and 
hydraulic heads were regarded as realizations of 
random fields. A maximum likelihood parameter 
estimation procedure was applied to identify the 
stochastic structure of the transmissivity field using 
head and transmissivity measurements. Because of 
the limited data base, proper identification of the 
transmissivity field was not possible. A single value 
for the correlation length I of the transmissivity 
field could not be identified with accuracy. This 
might not be as important if the purpose was to 
interpolate hydrologic fields. Estimates were 
rather sensitive to the value of I. But it is crucial to 
have a reasonable estimate of I if the geostatistical 
parameters are used to generate conditional real- 
izations of transmissivity for the purpose of deriv- 
ing the groundwater traveltime probability distri- 
bution. When data are scarce, parameter estimates 
are shown through simulations to be very sensitive 
to the number of available head and transmissivity 
measurements. Estimated hydrologic fields can be 
dramatically different from the original fields in 
the case of a small number of measurements. This 
situation might be encountered at the Hanford Site. 
The hydrologic investigations at the Hanford Site 
were carried out for only a thin band situated 
along the Cold Creek syncline. Site characteriza- 
tion strategy depended heavily on conceptual mod- 
eling based on preconceived ideas concerning hy- 
drologic fields. As a result, a considerable area of 
the domain in which released radionuclides may 
travel is currently not sufficiently characterized. It 
is essential that additional field tests be performed 
to better delineate the groundwater flow move- 
ment in areas where groundwater particle path- 
lines (involved in travel-time calculations) might 
occur. Locations of future monitoring wells should 
be selected by relying on both conceptual models 
and geostatistics. (See also W90-10404) (Chonka- 
PTT 
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PROBABILITY ENCODING: QUANTIFYING 
JUDGMENTAL UNCERTAINTY OVER HY- 
DROLOGIC PARAMETERS FOR BASALT. 
Applied Decision Analysis, Inc., Menlo Park, CA. 
For primary bibliographic entry see Field 7C. 
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WATER QUALITY-DISCHARGE RELATION- 
SHIPS IN THE YUKON RIVER BASIN, 
CANADA. 

Inland Waters Directorate, Vancouver (British Co- 
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RESIDENTIAL WELL DEVELOPMENT OF A 
LOW PERMEABILITY BEDROCK FLOW 
SYSTEM. 

Alaska Div. of Geological and Geophysical Sur- 
veys, Eagle River. Water Resources Section. 

For primary bibliographic entry see Field 4B. 
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HYDROLOGIC MONITORING OF SUBSUR- 
FACE FLOW AND GROUNDWATER RE- 
CHARGE IN A MOUNTAIN WATERSHED. 
Nevada Univ. System, Reno. Water Resources 
Center. 

M. E. Campana, and R. L. Boone. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
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A small-scale study in a Sierra Nevada watershed 
just east of Lake Tahoe utilized four major groups 
of instruments to delineate infiltration, recharge 
and subsurface flow contributions to streamflow. 
Foremost among these groups was an automated 
tensiometer-transducer system. Tensiometers were 
linked to a central scanning valve via hydraulic 
tubing, which was buried to protect against freez- 
ing. The investigation indicated that deep percola- 
tion/groundwater recharge occurred beneath the 
snowpack during the winter months, but could not 
determine how much of it discharged locally and 
how much flowed off-site, perhaps as part of a 
deeper system. The major conclusion of this study 
is that deep percolation and groundwater recharge 
occurred beneath the snowpack during the winter 
months. In addition, rain-on-snow events provide 
additional pulses of infiltration superimposed on 
the steady downward deep percolation. (See also 
ae (Lantz-PTT) 
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NONDISPERSIVE DESCRIPTION OF DISPER- 
SION FOR SIMULATION OF SOLUTE TRANS- 
PORT IN A LARGE SYSTEM. 

Hart-Crower Associates, Seattle, WA. 

For primary bibliographic entry see Field 5B. 
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INVERSE MODELLING OF FLOW AND 
TRANSPORT. 

Technical Univ. of Denmark, Lyngby. Inst. of 
Hydrodynamics and Hydraulic Engineering. 

For primary bibliographic entry see Field 5B. 
W90-10503 


EFFECTS OF SIMILARITY PARAMETERS ON 
FUEL MIGRATION THROUGH POROUS 
MEDIA. 

Technion - Israel Inst. of Tech., Haifa. Faculty of 
Civil Engineering. 

For primary bibliographic entry see Field 5B. 

W90- 10504 


APPLICATION OF THE RANDOM WALK 
METHOD TO SIMULATE THE TRANSPORT 
OF KINETICALLY ADSORBING SOLUTES. 
Illinois Univ., Urbana. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 5B. 
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SIMULATION OF GROUNDWATER FLOW 
AND REDOX PROCESSES AROUND BANK- 
FILTRATION WELLS. 

Vizgazdalkodasi Tudomanyos Kutato Intezet, Bu- 
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F. Laszlo, and F. Szekely. 

IN: Groundwater Contamination. Proceedings of a 
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The water quality of bank-filtered well water de- 
pends on several factors. These include the quality 
of surface and groundwater, the hydraulic and 
chemical characteristics of the bottom sediment 
and the aquifer, recharge-discharge conditions, and 
various biogeochemical processes. The most im- 
portant chemical changes are connected with mi- 
crobiologically mediated redox processes. A multi- 
component transport model (MULTRA) has been 
developed to simultaneously simulate flow and 
chemical transport in bank filtration systems. The 
model incorporates: steady-state groundwater flow 
for different recharge-discharge conditions; simul- 
taneous transport of dissolved species, assuming 
advection in bottom sediment and instant vertical 
mixing along the aquifer thickness; and quantita- 
tive changes of the dissolved and solid chemical 
components. An example application of the 
MULTRA model is presented which simulates 
withdrawal from a bank-filtered well, assuming 
hydraulic and chemical parameters of common 
occurrence in the region of the Danube River. 
Results show that the leaching of iron continues 
under the river bed and that the major part of the 
aquifer is polluted by iron. (See also W90-10501) 
(Author’s abstract) 
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CHEMICAL CAUSES OF GROUNDWATER 
MOVEMENT. 

Geological Survey, Denver, CO. 
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CONSIDERATIONS FOR MODELING TRANS- 
PORT OF BACTERIA IN CONTAMINATED 
AQUIFERS. 

Geological Survey, Menlo Park, CA. Water Re- 
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BIOTRANSFORMATION OF TRICHLOR- 
OETHANE (TCA) INGROUNDWATER. 
Washington State Univ., Pullman. Dept. of Civil 
Engineering. 
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EFFECT OF GROUNDWATER FLOW ON AQ- 
UIFER DEGRADATION IN AGRICULTURAL 
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California Univ., Davis. Dept. of Land, Air and 
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IN: Groundwater Contamination. Proceedings of a 
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The contamination of aquifers due to agricultural 
practices is a serious problem in many areas of the 
United States and the world. An analysis is per- 
formed on the effect that the hydraulic gradient of 
a shallow aquifer, such as that of the San Joaquin 
Valley in central California, has on the contamina- 
tion of the groundwater which underlies an agri- 
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cultural area. The model presented simulates the 
movement of water and salt through the root-soil 
environment, and is used to simulate the influence 
that a shallow aquifer’s gradient has on the tran- 
sient distribution of salts in an agricultural soil. The 
hypothetical soil system used is representative of 
the types of soil and crop conditions which might 
be encountered in areas of the San Joaquin Valley. 
The simulated salt concentration levels tend to 
follow a yearly cyclical pattern of a rise in concen- 
tration due to the leaching water pushing highly 
saline water down to the aquifer, followed by rainy 
periods in which lower saline water moves into the 
aquifer and reduces the concentration levels. Un- 
derlying this cyclical pattern is a constant rise in 
the salt concentration levels for all depths and 
cross-flow conditions. Results indicate that serious 
groundwater contamination can result when small 
aquifer gradients are present. (See also W90-10501) 
(Author’s abstract) 
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GROUNDWATER DYNAMICS INFLUENCED 
BY IRRIGATION AND ASSOCIATED PROB- 
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RIVER, WESTERN CAPE PROVINCE, R.S.A. 
Hydrological Research Inst., Pretoria (South 
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Commonwealth Scientific and Industrial Research 
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The northeast of Thailand is an area of 170,000 sq 
km known as the Khorat Plateau. This is a gently 
undulating plateau elevated 150 to 500 m above 
mean sea level and sloping in a southeast direction 
to the Mae Khong River. Land use change in the 
Khorat plateau has been associated with recent 
salinization of land and water resources. An inten- 
sive study was made of water and salt flow in the 
surficial aquifer of an area of 50 sq km near 
Khorat. Areas of study included rainfall, ground- 
water hydrology, flow quantity and direction and 
flow net analyses. The agriculturally developed 
uplands provide the water source which, in its path 
to the valley discharge areas, passes through eva- 
porite (mainly halite) beds deposited in the Creta- 
ceous. The salinization of rice paddies and water 
reservoirs is a very recent development and associ- 
ated with deforestation of upland soils to produce 
cash crops. Parameterization of a flow model pro- 
vides the basis by which strategies for management 
of the problem could be tested. One such strategy 
is the replacement of deep rooted trees with shal- 
low rooted crops, to increase recharge. (See also 
W90-10501) (Author’s abstract) 
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TION OF SOME SUBSTANCES IN FINNISH 
QUATERNARY DEPOSITS. 

National Board of Waters, Helsinki (Finland). 
Water and Environment Research Inst. 
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AQUIFER CONTAMINATION AND RESTORA- 
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TARIO, CANADA. 

National Water Research Inst., Burlington (Ontar- 
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ENHANCED MICROBIAL DEGRADATION OF 
STYRENE IN SHALLOW SOILS AND 
GROUND WATER. 

International Technology Corp., Knoxville, TN. 
For primary bibliographic entry see Field 5G. 
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Geological Survey, Nashville, TN. Water Re- 
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SOIL PHYSICS AND IRRIGATION: TAPPING 
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Commonwealth Scientific and Industrial Research 
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Crops and Soils Research Program. 
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SOIL WATER STATUS: A CONCEPT FOR 
CHARACTERISING SOIL WATER CONDI- 
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CROP. 

Institute of Hydrology, Wallingford (England). 
For primary bibliographic entry see Field 3F. 
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SOIL WATER BALANCE AND DRY MATTER 
PRODUCTION MODEL: I. SOIL WATER BAL- 
ANCE OF OAT. 
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A simulation study of the soil water balance under 
oat (Avena sativa L.) was carried out on a Typic 
Hapludalf soil, at two sites near Gottingen, West 
Germany during 1976, 1977, 1982, and 1983. The 
model used describes the plant water uptake rate as 
a function of soil matric potential and rooting 
depth. Inputs needed for the model are soil physi- 
cal parameters, daily meteorological data, rooting 
depth, leaf area index, and plant height. The goal 
was to test the usefulness of the model in predict- 
ing the soil water balance components and to de- 
termine if the plant water uptake rate, as a poten- 
tial important factor for crop yield, can be simulat- 
ed by applying a rather simple approach. Simulat- 
ed water uptake rate, actual evapotranspiration 


rate, water storage in the soil profile, and soil 
water profiles, compared reasonably well with 
measured values in the 4 years studied. Since some 
of the model input parameters were derived from 
the 4-year experimental data, the model remains to 
be tested against an entirely independent data set. 
(Author’s abstract) 
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EFFECT OF SPATIAL VARIABILITY ON THE 
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TRIBUTION. 
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COVER. 

Agriculture Canada, Charlottetown 
Edward Island). Research Station. 

For primary bibliographic entry see Field 2C. 
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SCATTERING ANAJ.OG FOR INFILTRATION 
IN POROUS MEDIA. 

Commonwealth Scientific and Industrial Research 
Organization, Canberra (Australia). Centre for En- 
vironmental Mechanics. 

J. R. Philip. 

Reviews of Geophysics RVGPB4, Vol. 27, No. 4, 
p 431-448, November 1989. 4 fig, 1 tab, 84 ref. 


Descriptors: *Infiltration, *Mathematical analysis, 
*Porous media, *Scattering analog, *Soil water, 
Mathematical models, Physics. 


The scattering analog for infiltration in porous 
media is reviewed. Topics include: modern devel- 
opments in the mathematical physics of porous 
media; the quasi-linear analysis of steady multidi- 
mensional unsaturated flow, a necessary prerequi- 


site to the analog; and specifically the scattering 
analog. An exact analog exists between steady, 
quasi-linear flow in unsaturated soils and porous 
media and the scattering of plane pulses, and the 
analog carries over to the scattering of plane har- 
monic waves. Numerous established results, and 
powerful techniques such as Watson transforms, 
far-field scattering functions, and optical theorems, 
are available for the solution and understanding of 
problems of multidimensional infiltration. These 
are needed particularly to provide the asymptotics 
of the physically interesting and practically impor- 
tant limit of flows strongly dominated by gravity, 
with capillary effects weak but nonzero. This is the 
limit of large s, where s is a characteristic length of 
the water supply surface normalized with respect 
to the sorptive length of the soil. These problems 
are singular in the sense that ignoring capillarity 
gives a totally incorrect picture of the wetted 
region. In terms of the optical analog, neglecting 
capillarity is equivalent to using geometrical 
optics, with coherent shadows projected to infini- 
ty. When exact solutions involve exotic functions, 
difficulties of both analysis and series summation 
may be avoided through the use of small-s and 
large-s expansions provided by the analog. Numer- 
ous examples are given here of solutions obtained 
through the analog (circular-cylindrical and spher- 
ical cavities, wetted region from cylindrical and 
spherical cavities, discs, spheroids, strips, and ellip- 
tic cylinders, design principle for field permea- 
meters). Examples are used to show how exact 
infiltration solutions, available by applying these 
principles to known scattering results, can be used 
to solve seepage entry problems (watertightness 
(or otherwise) of subterranean holes to downward 
unsaturated seepage, stream functions, two-dimen- 
sional systems, circular cylinders, discs and elliptic 
cylinders, and spherical cavities). The scattering 
analog applies not only to water flows in soils and 
other porous media but to appropriate problems 
involving convection-diffusion processes in a wide 
range of scientific and technical applications. 
(Rochester-PTT) 

W90-09746 


SURFACE MEASUREMENTS OF THE HY- 
DRAULIC PROPERTIES OF A TILLED AND 
UNTILLED SOIL. 

Wisconsin Univ., Madison. Dept. of Soil Science. 
T. J. Sauer, B. E. Clothier, and T. C. Daniel. 

Soil and Tillage Research SOTRDS, Vol. 15, No. 
4, p 359-369, March 1990. 5 fig, 1 tab, 21 ref. 
USNZ Cooperative Science Program Grant 87/ 
114. 


Descriptors: *Maize, *Soil properties, *Soil sur- 
faces, *Soil water, *Tillage, *Wisconsin, Hydraulic 
conductivity, Permeameters, Plowing, Sorptivity. 


The surface characteristics of a soil can have a 
profound effect on the hydrology of tilled land. 
Apposite measurements of the surface hydraulic 
properties of Plainfield sand (Wisconsin), a Typic 
Udipsamment, were used to assess the hydrologic 
impact of 5 yr tillage by either moldboard plow or 
no-till. The crop was corn (Zea mays L.). The 
‘mean’ pore size (lambda sub m), weighted in a 
way relevant to the flow of water through the soil 
surface, was computed from saturated and unsatu- 
rated measurements of sorptivity and hydraulic 
conductivity. Disc permeameters of dissimilar radii 
were used at two unsaturated supply-potential 
heads (Uo) of -100 mm and -20 mm to find sorpti- 
vity (Uo) and hydraulic conductivity (Uo). At 
saturation (Uo=0), infiltration rings of contrasting 
radii were employed. The saturated and unsaturat- 
ed values of sorptivity and hydraulic conductivity 
of the plowed field were either the same as, or 
great than, the corresponding values for the no-till 
soil. Combining the values for the saturated sorpti- 
vity and hydraulic conductivity showed that the 
no-till soil had lambda sub m of 1.34 (+/-0.67) 
mm, whereas the plowed soil had a lambda sub m 
during saturated flow of only 0.19 (+/-0.18) mm. 
The large lambda m and the high coefficient of 
variation for the no-till soil was presumed to be 
related to the macropore network associated with 
the decay of crop residue in the less sorptive 
matrix. The small homogeneous lambda m of both 
the saturated and unsaturated plowed soil reflects 





the annual pulverization of the soil surface by 
tillage. (Author’s abstract) 
47 


CHANGES IN THE MATRIC POTENTIAL OF 
SOIL WATER WITH TIME AFTER DISTURB- 
ANCE OF SOIL BY MOULDING. 

Adelaide Univ. (Australia). Waite Agricultural Re- 
search Inst. 

A. R. Dexter. 

Soil and Tillage Research SOTRDS, Vol. 16, No. 
1/2, p 35-50, April 1990. 2 fig, 4 tab, 21 ref. 


Descriptors: *Sampling, *Soil matric potential, 
*Soil structure, *Soil water, Australia, Clays, Soil 
water potential, Temperature, Tensiometers, The 
Netherlands, United States. 


Molding of moist soil sample destroys most of any 
pre-existing structure and results in a spatial ho- 
mogenization of the distribution of three compo- 
nent phases: mineral particles, water, and air. Such 
an arrangement is not entirely stable and, if such a 
disturbed system is allowed to rest, structural rear- 
rangements occur so as to minimize the free energy 
of the system. Samples of six soils from Australia, 
The Netherlands, and the United States were 
molded at a range of water contents and kept at 
constant water content in sealed plastic cylinders. 
Matric water potential was measured with tensio- 
meters, which required only a small water ex- 
change to give an equilibrium reading. Structural 
rearrangements in these soil samples produced 
more negative values of water potential with time 
over the 30-day period after molding. Some of the 
soils exhibited two distinct stages of change of 
water potential with time. There was no clear 
correlation between the observed behavior and soil 
composition. However, the temperature depend- 
ence of the tensiometer readings was proportional 
to the clay content of the soil samples. (Author’s 
abstract) 

W90-09748 


INFLUENCE OF 25 YEARS OF CONTINUOUS 
CORN PRODUCTION BY THREE TILLAGE 
METHODS ON WATER INFILTRATION FOR 
TWO SOILS IN OHIO. 

Ohio State Univ., Columbus. Dept. of Agronomy. 
R. Lal, and D. M. Vandoren. 

Soil and Tillage Research SOTRDS, Vol. 16, No. 
1/2, p 71-84, April 1990. 4 fig, 5 tab, 18 ref. 


Descriptors: *Infiltration, *Maize, *Mathematical 
models, *Ohio, *Soil water, *Tillage, Kostiakov 
model, Long-term studies, Plowing, Soil surfaces, 
Sorptivity, Transmissivity. 


Soil infiltrability measurements were made for two 
long-term tillage experiments in Ohio. Accumula- 
tive infiltration, infiltration rate, soil water sorpti- 
vity and transmissivity, and coefficients and expo- 
nents of Kostiakov’s model were computed for 
double-ring infiltration measurements. The studies 
were conducted for Crosby and Wooster silt loam 
soils at South Charleston and Wooster, Ohio, re- 
spectively. Measurements were made following 25 
yr of corn cultivation by three tillage methods: 
moldboard plowing (MP), chisel plowing (CP), 
and no-till (NT). At South Charleston, accumula- 
tive infiltration was 5.3, 8.0, and 8.2 cm/2 hr for 
MP, CP, and NT, respectively. The corresponding 
values for the Wooster soil were 22.0, 15.5, and 
26.5 cm, respectively. The equilibrium infiltration 
rates were 1.3, 1.5, and 1.6 cm/hr for South 
Charleston and 6.2, 5.3, and 8.5 cm/hr for Wooster 
site at MP, CP, and NT treatments, respectively. 
There were no significant differences among tillage 
treatments for accumulative infiltration or equilib- 
rium infiltration rate at either site. There were 
significant differences between the row zone and 
the traffic zone for accumulative infiltration and 
initial infiltrauon rate for the Wooster site. Fur- 
thermore, a slight reduction in infiltration rate in 
the traffic vs. row zone was significant for the 
plow-till treatment. For Wooster silt loam, the 
highest value of soil-water sorptivity was measured 
for the NT treatment. For Wooster soil loam, the 
highest value of soil-water sorptivity was measured 
for the NT treatment. Soil-water sorptivity also 
was lower in the traffic zone than in the row zone. 


There was, however, a marked development of 
platy structure and surface crust in the NT and 
minimum till treatments. Despite the platy struc- 
ture, maintenance of a favorable infiltration rate in 
the NT treatment presumably was due to the many 
biopores and worm channels. These channels were 
stable and continued to about 60 cm depth in the 
NT treatment. The correlation coefficients for re- 
gression equations generally were higher for Kos- 
tiakov’s than Phillip’s model. The data support the 
conclusion that 25 yr of continuous cultivation of 
corn by NT had no deleterious effects on the 
infiltration rate of these soils. (Author’s abstract) 
90-09749 


DRYLAND FARMING TILLAGE AND WATER- 
HARVESTING GUIDELINES FOR THE 
YEMEN ARAB REPUBLIC. 

Silsoe Coll. (England). 

G. Spoor, and R. H. Berry. 

Soil and Tillage Research SOTRDS, Vol. 16, No. 
1/2, p 233-244, April 1990. 4 fig, 5 tab, 14 ref. 


Descriptors: *Dry farming, *Tillage, *Water har- 
vesting, *Yemen, Crop yield, Economic evalua- 
tion, Plowing, Semiarid climates, Soil surfaces, 
Traffic. 


Moldboard plowing to 400-500 mm constitutes the 
standard primary cultivation practice on the 
medium textured soils used for dryland crops in 
the semiarid intermontane plains of the Yemen 
Arab Republic. The justification for this practice is 
examined and guidelines for the future develop- 
ment of tillage and water-harvesting practices are 
identified based on the physical characteristics of 
the different soil horizons. Major benefits, in terms 
of increased and more reliable crop production, 
could accrue through increased water availability 
from developing flexible water harvesting systems 
and through bringing more structurally stable sub- 
surface soil horizons onto the surface. The devel- 
opment of controlled-traffic systems within the 
water-harvesting systems would greatly assist in 
reducing tillage costs. The identification of a satis- 
factory alternative to the moldboard plow for pe- 
rennial rhizomatous weed control would help 
maintain the improved soil surface condition. (Au- 
thor’s abstract) 


IMPACT OF A GEL CONDITIONER AND 
WATER QUALITY UPON SOIL INFILTRA- 
TION 

King Saud Univ., Riyadh (Saudi Arabia). Dept. of 
Soil Science. 

For primary bibliographic entry see Field 3F. 
W90-09782 


CHANGES IN SOIL PROPERTIES UNDER 
INTERMITTENT WATER APPLICATION. 

New Mexico State Univ., Las Cruces. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 3F. 
W90-09783 


CALCULATED SOIL-WATER BALANCES AS 
TOOLS TO EVALUATE CROP PERFORM- 
ANCE IN DROUGHT-PRONE REGIONS. 
Commonwealth Scientific and Industrial Research 
Organization, Lyneham (Australia). Div. of Wild- 
life and Rangelands Research. 

For primary bibliographic entry see Field 3F. 
W90-09815 


SELECTING CROPS AND CROPPING SYS- 
TEMS FOR WATER-LIMITED ENVIRON- 
MENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
For primary bibliographic entry see Field 3F. 
W90-09819 


PRINCIPLES OF CROP AND SOIL MANAGE- 
MENT PROCEDURES FOR MAXIMIZING 
PRODUCTION PER UNIT RAINFALL. 
Agricultural Research Service, Bushland, TX. 
Conservation and Production Research Lab. 
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For primary bibliographic entry see Field 3F. 
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SOIL CORE MONITORING. 

Metcalf and Eddy, Inc., Santa Barbara, CA. 
For primary bibliographic entry see Field 5A. 
W90-09843 


SOIL PORE-LIQUID MONITORING. 
Metcalf and Eddy, Inc., Santa Barbara, CA. 
For primary bibliographic entry see Field 5A. 
W90-09844 


RECOMMENDED SEPTIC TANK EFFLUENT 
LOADING RATES FOR ‘TEXTURED, 
STRUCTURED SOILS WITH FLOW RESTRIC- 
TIONS. 

Simon and Associates, Inc., Blacksburg, VA. 

For primary bibliographic entry see Field 5D. 
W90-09950 


EVALUATION OF INTACT SOiL-CORE MI- 
CROCOSMS FOR DETERMINING POTEN- 
TIAL IMPACTS ON NUTRIENT DYNAMICS 
BY GENETICALLY ENGINEERED MICROOR- 
GANISMS. 

Battelle Pacific Northwest Labs., Richland, WA. 
For primary bibliographic entry see Field SC. 
W90-10134 


SEGREGATION POTENTIAL--PRESSURE--SA- 
LINITY RELATIONSHIPS NEAR THERMAL 
STEADY STATE FOR A CLAYEY SILT. 
Waterloo Univ. (Ontario). Dept. of Civil Engineer- 
ing. 

J. M. Konrad. 

Canadian Geotechnical Journal CGJOAH, Vol. 
27, No. 2, p 203-215, April 1990. 8 fig, 5 tab, 16 ref. 
Energy, Mines and Resources Canada, Indian and 


Northern Affairs Canada, and Supply and Services 
Canada Contract 63SS.23233-7-1080. 


Descriptors: *Clays, *Frost, *Permafrost, *Salini- 
ty, *Silty soils, *Soil water, Diffusion coefficient, 
Freezing, Frost heaving, Pore water, Soil proper- 
ties, Soil temperature. 


Laboratory freezing tests were performed on a 
saturated clayey silt at various pore water salinities 
and applied pressures to establish the relationships 
between pore water salinity, overburden, and the 
amount of moisture transfer during freezing near 
thermal steady state conditions. The test program 
comprised two series, one consisting of 27 tests 
frozen with free access to saline water under zero 
applied surcharge, and the other 13 tests frozen 
with free access to saline water but subjected to 
applied surcharges simulating various overburden 
pressures in the field. The maximum applied sur- 
charge was 130 kPa, which corresponds to an 
overburden of about 7 m. The study has led to the 
following conclusions: (1) The concept of segrega- 
tion potential (SP) introduced for clayey silts with 
negligible pore water salinity, appears to be appli- 
cable to clayey silts with pore water salinities 
approaching 35 g/L, which is the salinity of sea 
water. To develop a predictive frost heave model 
for field conditions, it was shown that representa- 
tive values of SP must be used in a coupled heat 
and mass transfer formulation. The relevant value 
of SP can be obtained from step-freezing tests at 
the onset of the formation of the final ice lens 
where the rate of cooling is close to field condi- 
tions and the freezing is still in transient conditions, 
as in the field; (2) Solute rejection during phase 
change has been observed during the growth of 
the final ice lens, that is, for quasi thermal steady 
state. Detailed salinity profiles in the unfrozen soil 
showed also that solutes were transported away 
from the phase change interface by the diffusion 
mechanism, which is proportional to the concen- 
tration gradient and the magnitude of the mass 
diffusion coefficient; (3) Solute enrichment in the 
vicinity of the final ice lens is directly related to 
the time of testing because as saline water freezes 
at the ice lens, solutes are rejected, contributing to 
the enrichment of pore water in layers adjacent to 
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the ice lens; and (4) A set of constitutive equations 
characterizing frost heaving in saline soils is estab- 
lished as a function of water salinity used for 
mixing the slurry, applied surcharge, and segrega- 
tion potential. (Lantz-PTT) 

W90-10172 


EVALUATION OF EXCESS PORE PRESSURES 
AND DRAINAGE CONDITIONS AROUND 
DRIVEN PILES USING THE CONE PENETRA- 
TION TEST WITH PORE PRESSURE MEAS- 
UREMENTS. 

Alberta Univ., Edmonton. Dept. of Civil Engi- 
neering. 

P. K. Robertson, D. J. Woeller, and D. Gillespie. 
Canadian Geotechnical Journal CGJOAH, Vol. 
27, No. 2, p 249-254, April 1990. 8 fig, 1 tab, 7 ref. 


Descriptors: *Bridges, *Drainage patterns, *Piles, 
*Pore pressure, *Pore water, Clays, Piezometry, 
Sand, Silt, Soil porosity, Soil water. 


Large-diameter steel pipe piles were driven as part 
of the foundations for the Alex Fraser Bridge near 
Vancouver, British Columbia. The piles penetrated 
through a normally consolidated marine clayey 
silt. As part of the geotechnical studies a multi- 
point piezometer was installed close to the pile 
group. A cone penetration test with pore pressure 
measurements (CPTU) was performed adjacent to 
one of the piles shortly after driving. During the 
CPTU through the clayey silt deposit, dissipation 
tests were performed to evaluate the pore pres- 
sures around the nearby pile. The CPTU results 
are compared with the pore pressures recorded at 
the multipoint piezometer, allowing for differences 
in radial distance from the piles. Excellent agree- 
ment was obtained between the CPTU and multi- 
point piezometer data, both showing large excess 
pore pressures around the piles. The CPTU dissi- 
pation data were also analyzed to evaluate the time 
required for dissipation of excess pore pressures 
around the piles. The upper half of the clayey silt 
deposit was interbedded with thin sand and silt 
layers. The CPTU data showed that the thin sand 
layers were sufficiently large in extent to allow 
rapid dissipation of the pore pressures due to cone 
penetration but were not of sufficient extent to 
allow dissipation of the excess pore pressures from 
the much larger diameter piles. (Author’s abstract) 
W90-10174 


VAPORIZING VOCS. 

Michigan Technological Univ., Houghton. Dept. 
of Civil Engineering. 

For primary bibliographic entry see Field 5G. 
W90-10213 


PENETRATION MODEL PARAMETER ESTI- 
MATION FROM DYNAMIC PERMEABILITY 
MEASUREMENTS. 

Toledo Univ., OH. Dept. of Civil Engineering. 
V. Ravi, and A. A. Jennings. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 13-19, January/February 1990. 9 
fig, 2 tab, 15 ref. NSF Grant CES-8906275. 


Descriptors: *Model studies, *Path of pollutants, 
*Permeability, *Soil water, *Solute transport, 
*Water chemistry, Algorithms, Mathematical 
equations, Measuring, Solutes. 


Several discrete interface-penetration models have 
been proposed to quantify the permeability impacts 
of strong soil/solute interactions. Although it has 
been demonstrated that these models are capable of 
reproducing many of the response patterns ob- 
served in laboratory studies, their nonlinear, 
piecewise differentiable, implicit time boundary 
structure compounds efforts at formal parameter 
estimation. A modified Levenberg-Marquardt al- 
gorithm is presented to resolve the constrained 
optimization problem of penetration-model calibra- 
tion. Examples (acetone impact on clay, dilute acid 
neutralization in calcareous soil, sodium hydroxide 
impact on clay, impact of low ionic strength per- 
meants, and impacts induced by strong acid leach- 
ing) demonstrate that optimum parameter sets may 
be extracted from typical laboratory data, and il- 
lustrate how results may be used to infer proper 
modeling strategies. (Author’s abstract) 


W90- 10246 


LABORATORY TESTS OF A THEORY OF FIN- 
GERING DURING INFILTRATION INTO LAY- 
ERED SOILS. 

ENSR, Acton, MA. 

R. S. Baker, and D. Hillel. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 20-30, January/February 1990. 11 
fig, 5 tab, 25 ref, NSF project ECE-8604133. 


Descriptors: *Fingering, *Free water, *Infiltration, 
*Laboratory methods, *Soil horizons, *Soil water, 
*Soil water suction, Hydraulic properties, Mathe- 
matical equations, Soil dynamics, Theoretical anal- 
ysis. 


A theory has recently been developed to explain 
and predict the occurrence of fingering and the 
fractional wetted volume during infiltration into 
layered soils in terms of measurable hydraulic 
properties. When the conductivity of a coarse- 
textured sublayer at its effective water-entry suc- 
tion is greater than the rate of transmission through 
a finer-textured top layer, the flow velocity in- 
creases across the interlayer plane. Thereupon, a 
spatially-distributed flow field in the top layer will 
tend to constrict, forming spatially separated 
streams (fingers) in the sublayer. To test the hy- 
pothesis, ponded infiltration experiments were con- 
ducted in transparent laboratory chambers packed 
with air-dry sands. The hydraulic properties of the 
media were determined by equilibrium capillary 
rise, parameter estimation, and horizontal absorp- 
tion experiments Dynamic measurements of flux 
and suction at the interlayer plane during infiltra- 
tion revealed that the effective water-entry suction 
is characteristic of the predominant pore size in the 
sublayer and can be predicted from its median 
particle size. Predictions regarding the onset of 
fingering and the wetted fractional volume of fin- 
gers were both validated for the monodisperse and 
polydisperse sublayers studied. (Author’s abstract) 
W90-10247 


TILLAGE EFFECTS ON THE SPATIAL AND 
TEMPORAL VARIATIONS OF SOIL WATER. 
Dep. of Agronomy, August First Univ., Heilong- 
jiang Prov., China. 

For primary bibliographic entry see Field 3F. 
W90-10252 


DRY AGGREGATE SIZE DISTRIBUTION OF 
SANDY SOILS AS INFLUENCED BY TILLAGE 
AND PRECIFITATION. 

Agricultural Research Service, Big Spring, TX. 
Conservation and Production Systems Research 
Unit. 

For primary bibliographic entry see Field 3F. 
W90-10253 


TILLAGE AND FERTILIZER EFFECTS ON 
WATER INFILTRATION. 

Agricultural Research Service, Pendleton, OR. 
Columbia Plateau Conservation Research Center. 
For primary bibliographic entry see Field 3F. 
W90-10254 


AMMONIA VOLATILIZATION FROM UREA 
AS INFLUENCED BY SOIL TEMPERATURE, 
SOIL WATER CONTENT, AND NITRIFICA- 
TION AND HYDROLYSIS INHIBITORS. 
Minnesota Univ., St. Paul. Dept. of Soil Science. 
For primary bibliographic entry see Field SB. 
W90-10256 


SOIL POLLUTION BY PETROLEUM PROD- 
UCTS, III. KEROSENE STABILITY IN SOIL 
COLUMNS AS AFFECTED BY VOLATILIZA- 
TION. 


Agricultural Research Organization, Bet-Dagan 
(Israel). Inst. of Soils and Water. 


For primary bibliographic entry see Field 5B. 
W90- 10280 


SOLUTE TRANSPORT BY A VOLATILE SOL- 
VENT. 


Oklahoma State Univ., Stillwater. Dept. of Agri- 
cultural Engineering. 

For primary bibliographic entry see Field 5B. 
W90-10281 


MEASUREMENT OF SOIL RESPIRATION IN 
THE FIELD: INFLUENCE OF TEMPERA- 
TURE, MOISTURE LEVEL, AND APPLICA- 
TION OF SEWAGE SLUDGE COMPOST AND 
AGRO-CHEMICALS. 

Shimane Univ., Matsue (Japan). Faculty of Agri- 
culture. 

T. Naganawa, K. Kyuma, H. Yamamoto, Y. 
Yamamoto, and H. Yokoi. 

Soil Science and Plant Nutrition, Vol. 35, No. 4. p 
509-516, December 1989. 5 fig, 2 tab, 5 ref. 


Descriptors: *Pesticides, *Sewage sludge, *Com- 
post, *Soil gases, *Soil organisms, *Soil-water- 
plant relationships, Carbon dioxide, Chlorotha- 
lonil, Fenitrothion, Fungicides, Herbicides, Infra- 
red gas analyzer, Insecticides, Paraquat, Soil tem- 
perature, Soil water. 


Soil respiration data were obtained using a porta- 
ble infrared gas analyzer by measuring the CO2 
concentration in a small chamber placed on the 
ground. The rate of respiration showed a geometri- 
cal mean of 11.4 (mmol/h/sq m) and ranged from 
almost 0 to about 80 (mmol/h/sq m) in an experi- 
mental field on the farm of Shimane University 
(103 plots, 1,081 data). The rate was stimulated 
strongly by the temperature (4 C << 40 C), and 
weakly by the moisture level (partial correlation 
coefficient: 0.4) and input of organic matter. The 
influence of agro-chemicals (standard and 5-fold 
dose of fenitrothion, chlorothalonil, and paraquat 
dichloride) was too small to be detected in the 
field. (Author’s abstract) 

W90-10319 


TIME SCALE OF LAND SURFACE HYDROLO- 
GY IN RESPONSE TO INITIAL SOIL MOIS- 
TURE ANOMALIES: A CASE STUDY. 

Ecole Normale Superieure, Paris (France). Lab. de 
Meteorologie Dynamique. 

Y. V. Serafini. 

Tellus TELLAL, Vol. 42A, No. 3, p 390-400, May 
1990. 7 fig, 3 tab, 18 ref. 


Descriptors: *Climatology, *Evapotranspiration, 
*Hydrologic budget, *Soil water, *Soil-water- 
plant relationships, Geohydrology, Hydrologic 
models, Model studies, North America, Siberia, 
Soil temperature. 


The sensitivity of a general circulation model to 
changes in the initial soil moisture distribution is 
illustrated through the detailed analysis of a case 
study. Two summer climate simulations are com- 
pared where initial soil moisture was obtained from 
climatological distribution or from a previous inte- 
gration of the model. In a third experiment, the 
climatological distribution of soil moisture is used 
as a fixed boundary condition throughout the inte- 
gration. At low latitudes, the initial difference in 
the zonal mean soil moisture causes a significant 
difference in the soil temperature or land-surface 
evapotranspiration, but persists only up to 15 days. 
At high latitudes, the initial difference is more 
persistent, lasting through the end of the integra- 
tion (50 days). In particular, large soil moisture 
differences persist over Siberia or North America 
during the whole integration and cause persistent 
temperature differences of a few degrees in the 
same regions. At high or middle latitudes, the soil 
moisture values at the end of spring may therefore 
significantly influence the climate of the subse- 
quent summer. Potential evapotranspiration deter- 
mines to a large extent the characteristic time scale 
of the ground hydrology. (Author’s abstract) 
W90-10320 


MEASURING SOIL HYDRAULIC PROPER- 
TIES AFTER CLEARING OF TROPICAL RAIN 
FOREST IN A COSTA RICAN SOIL. 
Agricultural Univ., Wageningen (Netherlands). 
Dept. of Soil Science and Geology. 

For primary bibliographic entry see Field 4C. 
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HILLSLOPE SOLUTE MODELLING. 

Sheffield Univ. (England). Dept. of Geography. 
For primary bibliographic entry see Field 5B. 
W90-10345 


MOVEMENT OF AGROCHEMICALS IN THE 
UNSATURATED AND SATURATED ZONES. 
For primary bibliographic entry see Field 5B. 
W90-10390 


NUMERICAL SIMULATION OF THE EFFECT 
OF SOIL NITROGEN TRANSPORT AND 
TRANSFORMATIONS ON GROUNDWATER 
CONTAMINATION. 


=— Univ., Berkeley. Lawrence Berkeley 


For primary bibliographic entry see Field 5B. 
W90-10401 


MODELING NITROGEN BEHAVIOR IN THE 
SOIL PROFILE. 

Louisiana State Univ., Baton Rouge. Dept. of 
Agronomy. 

For primary bibliographic entry see Field 5B. 
W90- 10403 


VALIDATION OF STOCHASTIC FLOW AND 
TRANSPORT MODELS FOR UNSATURATED 
SOILS: FIELD STUDY AND PRELIMINARY 
RESULTS. 

Nuclear Regulatory Commission, 
DC. Div. of Waste Management. 
For primary bibliographic entry see Field 5G. 
W90-10418 


Washington, 


WATER REDISTRIBUTION IN PARTIALLY 
FROZEN SOIL BY THERMAL NEUTRON RA- 
DIOGRAPHY. 

Aston Univ., Birmingham (England). Dept. of 
Civil Engineering. 

M. A. Clark, R. J. Kettle, and G. D’Souza. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 113-120, 9 fig, 
1 tab, 6 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Data acquisition, *Distribution patterns, 
*Frozen ground, *Soil water, *Thermal neutron 
radiography, Data interpretation, Graphical analy- 
sis, Ice lenses, Instrumentation, Measuring instru- 
ments, Radiography, Temperature, Thermal radi- 
ation. 


Thermal neutron radiography has been utilized as 
a technique for determining relative water move- 
ments in partially frozen soil. The method is non- 
destructive and determinations of local water con- 
tent can be made at any time throughout the test. 
The experimental test rig is designed so that the 
soil matrix can be uniformly irradiated by a ther- 
mal neutron beam, to obtain radiographs, which 
upon interpretation yield on relative water/ice 
contents. Instrumentation is incorporated in the 
soil matrix in the form of psychrometer/thermo- 
couples to record the temperature gradient. Inter- 
pretation of the radiographs is accommodated 
using image analysis equipment capable of distin- 
guishing between 256 shades of grey. Image en- 
hancing techniques are then employed to develop 
false color images which show the flow of water 
and the development of ice lenses in the soil 
matrix. Water content determinations can then be 
made and plotted against potential measurements 
for each radiograph. From these graphs, using 
relevant theory, pore water distributions can be 
obtained and combined with water content data to 

ive hydraulic conductivities. (See also W90- 
10434) (Author’s abstract) 

0446 


PROBABILITY DISTRIBUTIONS OF RAIN ON 
SEASONALLY FROZEN SOILS. 


Agricultural Research Service, Pendleton, OR. 
Columbia Plateau Conservation Research Center. 
For primary bibliographic entry see Field 7C. 
W90-10460 


EVIDENCE OF GROUNDWATER RECHARGE 
THROUGH FROZEN SOILS AT ANCHORAGE, 
ALASKA. 

Alaska Div. of Geological and Geophysical Sur- 
veys, Eagle River. 

J. A. Munter. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 245-252, 4 fig, 
3 tab, 13 ref. 


Descriptors: *Anchorage, *Cold regions, *Cold 
regions hydrology, *Frozen ground, *Groundwat- 
er recharge, Alaska, Groundwater level, Perme- 
ability, Precipitation, Seasonal variation, Soil 
water. 


Three water level observation wells located within 
the Municipality of Anchorage, Alaska have exhib- 
ited distinctive and anomalous water level rises 
during January 1985, in conjunction with mid- 
winter thaws accompanied by precipitation events. 
One of the wells exhibited similar behavior during 
January, 1984. The magnitude of the rises is about 
20-60% of the total annual water level fluctuation 
of each well. The superficial geological materials 
near each well are at least moderately permeable 
under thawed conditions but are frozen near the 
land surface during January events. These data 
suggest that the absence of available water may be 
the primary reason for the lack of groundwater 
recharge in areas where soils are frozen during 
part of the year, rather than the reduced perme- 
ability of frozen soils. (See also W90-10434) (Au- 
thor’s abstract) 


MODELLING SNOWMELT INFILTRATION 
AND RUNOFF IN A PRAIRIE ENVIRON- 
MENT. 

Saskatchewan Univ., Saskatoon. Div. of Hydrolo- 


gy- 
For primary bibliographic entry see Field 2C. 
W90-10482 


TRANSPORT PROCESSES FROM SOIL SUR- 
FACES TO GROUNDWATERS 

California Univ., Davis. Dept. of Land, Air and 
Water Resources. : 

For primary bibliographic entry see Field 5B. 
W90-10513 


ROOT ZONE’S WATER-NITROGEN HOUSE- 
HOLD MODELLING FOR OPERATIONAL 
PURPOSES IN HUNGARY. 

Vizgazdalkodasi Tudomanyos Kutato Intezet, Bu- 
dapest (Hungary). 

G. Kienitz, and J. Feher. 

IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 
DC. 1989. p 109-116, 1 fig, 10 ref. 


Descriptors: *Agricultural runoff, *Groundwater 
pollution, *Hungary, *Nitrogen compounds, 
*Nonpoint pollution sources, *Path of pollutants, 
*Root zone, *Soil water, *Water pollution sources, 
Aeration zone, Fertilizers, Geohydrology, 
Groundwater chemistry, Hydrologic models, 
Mathematical models, Model studies, Model test- 
ing, Simulation analysis, Solute transport, Surface 
water, Surface-groundwater relations. 


Agricultural development in Hungary has raised 
problems of nitrogen pollution of surface-subsur- 
face waters from the use of fertilizers. A team 
financed by the Hungarian Academy of Science set 
out to construct a model for simulating relevant 
processes in the root zone, by translating results of 
scientific research into a versatile working tool. 
The model considers the root zone’s water/nitro- 
gen input/output on a daily basis and characterizes 
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the soil’s water/nitrogen regime by simultaneous 
solution of water household and nitrogen-house- 
hold equations. Individual members of these equa- 
tions are either measured inputs to the model, or 
are calculated from other input data by adapted 
models concerning snowmelt, evapotranspiration, 
mineralization/immobilization of nitrogen, vegetal 
nitrogen-consumption, and water-solute movement 
in the soil. Wide range and versatile model applica- 
tion has been foreseen with a frame program al- 
lowing for alternative running either in simulation 
or in prediction mode. Model calibration is ensured 
through data gained at Hungarian experimental 
plots/stations. (See also W90-10501) (Author’s ab- 
stract) 

W90-10514 


UNSATURATED ZONE WATER QUALITY 
MODEL FOR MANAGEMENT OF AGRICUL- 
TURAL SYSTEMS. 

Agricultural Research Service, Fort Collins, CO. 
For primary bibliographic entry see Field 5B. 
W90-10515 


2H. Lakes 


RECONNAISSANCE INVESTIGATION OF 
WATER QUALITY, BOTTOM SEDIMENT, 
AND BIOTA ASSOCIATED WITH IRRIGA- 
TION DRAINAGE IN THE SALTON SEA 
AREA, CALIFORNIA, 1986-87. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 5B. 
W90-09529 


ROLE OF ECOSYSTEM DEVELOPMENT AND 
CLIMATE CHANGE IN BOG FORMATION IN 
CENTRAL SWEDEN. 

Harvard Univ., Petersham, MA. Harvard Forest. 
D. R. Foster, and H. E. Wright. 

Ecology ECOLAR, Vol. 71, No. 2, p 450-463, 
April 1990. 13 fig, 2 tab, 76 ref. NSF Grant BSR 
8806386. 


Descriptors: *Bogs, *Limnology, *Paleohydro- 
logy, *Sweden, *Wetlands, Climatology, Ecosys- 
tems, Groundwater, Hydrologic models, Model 
studies, Peat bogs, Radioactive dating, Stratigra- 
phy. 


Bog development, in terms of the rates of horizon- 
tal and vertical accumulation of peat and the 
timing of landform development in open-water 
pools, was examined on two concentric raised bogs 
in central Sweden. The results are compared with 
three models (allogenic, autogenic, and neutral 
models) of bog development in order to evaluate 
the relative contribution of environmental factors 
vs. ecosystem control of developmental processes. 
Both mires began to grow on discrete upland sites 
6000 BP and then spread concentrically and accu- 
mulated peat vertically at approximately continu- 
ous rates to the present. Radiocarbon dates from 
pool sediments are progressively younger from the 
center to the margin of the mire, suggesting that 
pool formation is triggered autogenically by 
changes in hydrology. The results conform to hy- 
drological models of mire formation based on 
groundwater mound equations and suggest that 
autogenic processes exert a major control over bog 
expansion, landform development, and the forma- 
tion of conspicuous features in the stratigraphic 
record. (Author’s abstract) 

W90-09611 


POST-DEFAUNATION RECOVERY OF FISH 
ASSEMBLAGES IN SOUTHEASTERN BLACK- 
WATER STREAMS. 

Savannah River Ecology Lab., Aiken, SC. 

G. K. Meffe, and A. L. Sheldon. 

Ecology ECOLAR, Vol. 71, No. 2, p 657-667, 
April 1990. 5 fig, 4 tab, 62 ref. DOE Contract DE- 
AC09765R00-819. 


Descriptors: *Ecosystems, *Fish populations, *Re- 
colonization, *Savannah River, *Streams, Defaun- 
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ation, Population density, Population dynamics, 
South Carolina, Species diversity. 


Studies were conducted at the Savannah River 
Plant, in the central Savannah River drainage near 
Ailan, South Carolina to determine the recovery of 
fish populations following experimental defauna- 
tion to test assemblage resiliency. Thirty-seven lo- 
calities were sampled in Ist--3rd order streams 
from which fishes had been removed as completely 
as possible. Sites (4-15 m long) were selected to 
represent various single habitats (e.g., pool, clear 
rarely run) and to cover the range of habitats at 11 
locations on five streams in three independent 
drainages to the Savannah River. Defaunation sites 
were a small enough percentage of local stream 
length that potential recolonization sources areas 
remained available. Fish assemblage structure was 
analyzed before, and nearly one year after, defaun- 
ation. Decreases in stream depth and width in the 
second year reflected an intervening drought, but 
habitat structure remained highly correlated be- 
tween years. Fish assemblages recovered well over 
four scales of analysis. Total fishes sampled, collec- 
tive assemblage properties (species richness, densi- 
ty, biomass, and mean mass of fish), local assem- 
blage structure, and single-species attributes gener- 
ally did not significantly differ after defaunation, as 
determined by species-abundance and individual- 
abundance correlations, detrended correspondence 
analysis, and a proportional similarity index. These 
assemblages were not randomly structured units, 
but were largely deterministic systems highly pre- 
dictable from local habitat structure. (Sand-PTT) 
W90-09612 


ECOSYSTEM METABOLISM AND TURNOV- 
ER OF ORGANIC CARBON ALONG A BLACK- 
WATER RIVER CONTINUUM. 

Georgia Univ., Athens. Dept. of Zoology. 

J. L. Meyer, and R. T. Edwards. 

Ecology ECOLAR, Vol. 71, No. 2, p 668-677, 
April 1990. 5 fig, 1 tab, 32 ref. NSF Grants DEB- 
8104427, BSR-8406631, and BSR-8705744. 


Descriptors: *Ecosystems, *Organic carbon, *Pri- 
mary productivity, *River systems, Cycling nutri- 
ents, Georgia, Metabolism, Ogeechee River, Respi- 
ration, Riparian waters, Seasonal variation, 
Streams. 


Variation in ecosystem metabolism and organic C 
turnover length was ‘examined in the Ogeechee 
River basin, Georgia, a sixth-order blackwater 
river, to determine if the patterns observed in other 
rivers are also seen along a river continuum char- 
acterized by warm water temperatures, low stream 
gradient, extensive riparian swamps, and tea-col- 
ored water. Metabolism varied seasonally at a 
fourth-order site that was studied most intensively; 
mean gross primary production (GPP, measured as 
O2) was 0.8 g/sq m/d and mean community respi- 
ration (CR, measured as O02) was 4.1 g/sq m/d. 
The community production/respiration ratio (P/ 
R) ranged from 0.02-0.4 with an annual mean of 
0.2. This a clearly a heterotrophic stream reach, 
where high rates of community respiration are 
supported by inputs of organic matter from exten- 
sive riparian swamps. Mean annual organic C turn- 
over length at the fourth-order site was 570 km, 
significantly less than those at the sixth-order site, 
but much greater than observed in other rivers of 
similar size. Seasonal variation in turnover length 
reflected variation in transport. At five sites rang- 
ing from second to sixth order, GPP, CR, and P/R 
increased with stream order, as observed in other 
rivers; yet P/R was always <1, and net daily 
metabolism was always negative and became more 
negative with increasing stream order. In contrast 
to other river continua studied, metabolism in this 
low-gradient blackwater river becomes more de- 
pendent on allochthonous organic C with increas- 
ing stream size despite downstream increases in 
GPP; floodplains and riparian swamps appear to be 
the source of allochthonous C. Riparian influences 
increase rather than decrease along the continuum. 
Although first-order through third-order streams 
represent 32% of the channel area in the sixth- 
order basin, only 4% of basin-wide GPP and 9% 
of basin-wide CR occurs in them. Higher order 
streams are less efficient in organic C processing 
(longer turnover lengths), but are none-the-less 


responsible for most of the metabolic activity in 
this river basin. (Author’s abstract) 
90-09613 


FOOD THRESHOLDS IN DAPHNIA SPECIES 
IN THE ABSENCE AND PRESENCE OF BLUE- 
GREEN FILAMENTS. 

Max-Planck-Inst. fuer Limnologie zu Ploen (Ger- 
many, F.R.). 

Z. M. Gliwicz, and W. Lampert. 

Ecology ECOLAR, Vol. 71, No. 2, p 691-702, 
April 1990. 7 fig, 4 tab, 54 ref. 


Descriptors: *Algae, *Daphnia, *Food chains, 
*Limnology, *Zooplankton, Cyanophyta, Ecosys- 
tems, Eutrophic lakes. 


Three Daphnia species of different body sizes were 
grown on a single food resource in steady-state 
conditions. They differed in food threshold con- 
centrations necessary for body growth and repro- 
duction. The largest species, D. pulicaria, had the 
lowest thresholds and the smallest, D. cucullata, 
had the highest thresholds, while D. hyalina was 
intermediate. This implies cooperative superiority 
of the largest species and inferiority of the smallest. 
The sequence, however, was reversed in the pres- 
ence of blue-green algal filaments, when the 
thresholds become lowest for D. cucullata and 
highest for D. pulicaria. Thus the inhibitory effect 
of filaments is body-size dependent. High densities 
of filaments that mechanically interfere in food 
collection may cause shifts in co:npetitive ability 
among congeneric cladocerans. This may be the 
reason why, in Europe, D. pulicaria is most suc- 
cessful in ultraoligotrophic lakes while D. cucul- 
lata is most successful in eutrophic lakes. (Author’s 
abstract) 

W90-0961 


SURVEY OF COLUMBIA RIVER BASIN 
STREAMS FOR COLUMBIA PEBBLESNAIL 
AND SHORTFACE LANX. 

Battelle Pacific Northwest Labs., Richland, WA. 
Geosciences Dept. 

D. A. Neitzel, and T. J. Frest. 

Fisheries (Bethesda) FISHDN, Vol. 15, No. 2, p 2- 
3, March/April 1990. 1 fig, 4 ref. 


Descriptors: *Columbia River, *Endangered spe- 
cies, *Mollusks ‘Snails, *Streams, Columbia pebb- 
lesnail, Deschutes River, Environmental protec- 
tion, Flow velocity, Idaho, Methow River, Okano- 
gan River, Oregon, Oxygen, Shortface lanx, Snake 
River, Species distribution, Washington, Water 
temperature, Wenatchee River. 


Streams throughout the Columbia River basin 
were surveyed to determine the geographic distri- 
bution and relative abundance of the Columbia 
pebblesnail, Fluminicola columbiana, and the 
shortface lanx, Fisherola nuttalli, two mollusk spe- 
cies which are listed as candidate species by the 
Fish and Wildlife Service. Both species were con- 
firmed at 15 sites in six different streams: the 
Columbia, Okanogan, Wenatchee, and Methow 
rivers in Washington, the Deschutes River in 
Oregon, and the Snake River in Idaho. The results 
indicate that stream size is not a limiting factor for 
either species of mollusk, as long as the stream is 
relatively unpolluted, cold, and well oxygenated, 
and has permanent flow and a cobble-boulder sub- 
strate. These conditions are characteristic of rapids 
in streams throughout the Columbia River basin. 
Both species occur together at some sites, and the 
Columbia pebblesnail generally appears to be more 
common peripheral to areas with the maximum 
flow velocities in which the shortface lanx popula- 
tions can be maintained. Based on preliminary 
survey information and historical records, nearly 
700 sites have been identified within the Columbia 
River basin where these two species should be 
looked for in evaluating potential anthropogenic 
and natural threats to the habitat. (Sand-PTT) 
W90-09615 


FACTORS CONTROLLING THE PLANK- 
TONIC COMMUNITY IN THE SHALLOW 
LAKE OF CRETEIL, FRANCE. 

Ecole Normale Superieure, Paris (France). Lab. 


40 


d’Ecologie. 

G. Lacroix, P. Boet, J. Garnier, F. Lescher- 
Moutoue, and R. Pourriot. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 4, p 353-370, 1989. 8 fig, 
107 ref. 


Descriptors: *Eutrophic lakes, *Lake Creteil, 
*Limnology, *Phytoplankton, *Population dynam- 
ics, *Zooplankton, Algae, Crustaceans, Cyano- 
phyta, Cycling nutrients, Fish populations, France, 
Mixing, Rotifers, Seasonal variation, Water tem- 
perature, Wind. 


A two-year study on the seasonal pattern of plank- 
ton was performed in a shallow, polymictic, eutro- 
phic lake. Autogenic successions typical of strati- 
fied lakes did not occur. Only small edible algae 
developed throughout the two years and Cyano- 
phyceae rarely appeared, and did not bloom. In 
this small and shallow lake, wind and temperature 
fluctuations appear to be the two main disruptive 
factors: (1) wind related polymictism allows regu- 
lar nutrient recycling and the maintenance of small 
highly edible algal species. Frequent perturbations 
do not lead to autogenic successions and cold 
contribute to a limitation of Cyanophycean popula- 
tions. The disruptive effects of water mixing also 
favor small and rapidly growing zooplanktonic 
species; and (2) temperature fluctuations not only 
modify plankton development but determine the 
timing and success of fish reproduction. The 
highly variable recruitment of young in any given 
year greatly influences zooplankton community 
structure and adds to year to year variability. 
These rapid and variable planktonic modifications 
reflect a frequent trophodynamic reorganization, 
through a complex set of feedback mechanisms 
which allow large biocenotic plasticity. (Sand- 
Pre 


W90-09617 


FIELD AND LABORATORY STUDIES ON 
SOME PHOTOSYNTHETIC BACTERIA IN 
ASWAN HIGH DAM LAKE. I. SOME PHYSI- 
CAL AND CHEMICAL CHARACTERISTICS. 
Assiut Univ. (Egypt). Dept. of Botany. 

A. A. M. Shoreit, A. M. Ahmed, and M. S. A. 
Shabeb. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 4, p 419-432, 1989. 15 fig, 
38 ref. 


Descriptors: *Aquatic bacteria, *Aswan High Dam 
Lake, *Lake morphology, *Limnology, *Photo- 
synthetic bacteria, *Water chemistry, Artificial 
lakes, Bicarbonates, Calcium, Chlorophyll a, Dis- 
solved oxygen, Dissolved solids, Egypt, Hydrogen 
ion concentration, Magnesium, Nitrates, Phos- 
phates, Physical properties, Physicochemical prop- 
erties, Potassium, Seasonal variation, Silicates, 
Sodium, Sulfates, Water temperature. 


Seasonal variations in some physical and chemical 
characteristics of samples collected vertically from 
the surface to the bottom at two sites along the 
main body of Aswan High Dam Lake, and in two 
side Khors, from summer 1984 to spring 1985, 
were studied. Water temperature showed seasonal 
as well as vertical variations. The pH values were 
in the vicinity of 8.0. Dissolved oxygen concentra- 
tions were higher at the surface than at the bottom. 
The total dissolved solids showed seasonal as well 
as irregular vertical variations. Bicarbanates, ni- 
trates, and silicates showed a marked increase with 
depth, while sodium, potassium, calcium and mag- 
nesium generally showed a slight or someimes 
marked increase with depth. Phosphates and sul- 
fates showed a slight or marked decrease with 
depth. Chlorophyll a decreased with depth while 
bacteriochlorophyl a increased. (Author’s abstract) 
W90-09618 


SEASONAL FLUCTUATION IN _ SPECIES 
COMPOSITION OF AQUATIC HYPHOMYCE- 
TOUS FLORA IN A TEMPERATE FRESHWA- 
TER STREAM OF CENTRAL HIMALAYA, 
INDIA. 

Kumaun Univ., Naini Tal (India). Dept. of Botany. 
G. S. Mer, and S. C. Sati. 





Internationale Revue der Gesamten Hydrobiologie 
pe ag te Vol. 74, No. 4, p 433-437, 1989. 1 fig, 1 
tab, 16 ref. 


Descriptors: *Aquatic fungi, *Himalayan Moun- 
tains, *Mountain streams, *Stream biota, Fungi, 
India, Seasonal variation, Species composition, 
Species diversity. 


Aquatic hyphomycetes colonize dead, submerged 
leaves of trees and plant twigs in well aerated 
water. Their conidia can best be observed in fresh- 
ly formed foam in running waters. Samples of 
hyphomycetes were collected at monthly intervals 
from March 1986 to February 1987, from the 
Niglat Stream in the Central Himalayas at an alti- 
tude of 1,650 m. The number of aquatic hyphomy- 
cetes species was found to vary inversely with 
temperature (r = -0.499; not significant), which 
explained 25% of the variability. There were two 
maxima, one in spring and the other in autumn. On 
the basis of their occurrence, the species observed 
were categorized into three groups. Constant spe- 
cies were Campylospora chaetocladia, Flagello- 
spora penicilloides, Lemonniera aquatica and Te- 
tracladium marchalianum. (Sand-PTT) 

W90-09619 


SEDIMENTATION STUDIES ON GANDHISA- 
GAR RESERVOIR. 

Vikram Univ., Ujjain (India). School of Studies in 
Zoology. 

For primary bibliographic entry see Field 2J. 
'W90-09620 


LIGHT CONDITIONS AND PHOTOSYNTHET- 
IC PRODUCTIVITY OF ICE ALGAL ASSEM- 
BLAGES IN LAKE SAROMA, HOKKAIDO. 
Tokyo Univ. of Fisheries (Japan). 

H. Satoh, Y. Yamaguchi, K. Watanabe, and Y. 


Aruga. 

Japanese Journal of Phycology JJPHDP, Vol. 37, 
No. 4, p 274-278, December 10, 1989. 1 fig, 2 tab, 
25 ref. Ministry of Education, Science and Culture 
Grant Nos. 6176070 and 62760162. 


Descriptors: *Algal growth, *Ice, *Lake Saroma, 
*Light intensity, *Limnology, *Photosynthesis, 
Algae, Hokkaido, Japan, Lake ice, Light penetra- 
tion, Plant growth. 


Photosynthetic productivity of ice algal assem- 
blages was investigated in Lake Saroma, on the 
Okhotsk Sea coast of Hokkaido, Japan in early 
March 1987 and 1988. Relative light intensity at 
the bottom of ice was abut 1.0% of incident solar 
radiation in 1987, and about 4.4% in 1988. In 
photosynthesis-light curves, the photosynthetic 
rate was saturated at 27.5 microE/sq m/s in 1987, 
the saturated rate being 0.42 mg C/mg chl.a/h. It 
was not saturated even at 162 microE/sq m/s in 
1988, the maximum rate being 0.43 mg C/mg 
chl.a/h. The com tion light level of ice algae 
was 0.04-0.05% of the incident light intensity. The 
daily production of ice algae in 1987 (14.3 mg C/sq 
m/d) was 6.2 times greater than that in 1988 (2.3 
mg C/sq m/d). The specific growth rate of ice 
algae was 0.12 and 0.027 div/day in 1987 and 1988, 
respectively. This study demonstrates that the 
growth of ice algae is strongly controlled by light 
conditions at the bottom of ice in the ice-covered 
season. (Author’s abstract) 

W90-09621 


BEHAVIOURAL THERMOREGULATION OF 
LARGEMOUTH BASS (MICROPTERUS SAL- 
MOIDES): RESPONSE OF NAIVE FISH TO 
THE THERMAL GRADIENT IN A NUCLEAR 
REACTOR COOLING RESERVOIR. 

State Univ. of New York Coll. at Buffalo. Dept. of 
Biology. 

For primary bibliographic entry see Field 5C. 
W90-09623 


CARBON- AND NITROGEN-TO-VOLUME 
RATIOS OF BACTERIOPLANKTON GROWN 
bg DIFFERENT NUTRITIONAL CONDI- 
Kyoto Univ., Otsu (Japan). Otsu Hydrobiological 


Station. 

T. Nagata, and Y. Watanabe. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1303-1309, May 1990. 
2 fig, 5 tab, 25 ref. Japanese Ministry of Education, 
Culture, and Science Grant 62540505. 


Descriptors: *Bacterial analysis, *Biomass, *Lakes, 
*Limnology, Carbon, Laboratory methods, Micro- 
photography, Nitrogen, Nutrients. 


Carbon-to-volume and nitrogen-to-volume (C/V 
and N/V) ratios were determined for freshwater 
bacterial assemblages grown in lake water filtrate 
or in water enriched with nutrients (aqueous ex- 
tract of lake seston, glucose, arginine, phosphate, 
or ammonium). Biovolume was measured by epi- 
fluorescence microphotography, and carbon and 
nitrogen biomasses were measured with a CHN 
analyzer. Despite large variations of nutritional 
conditions (i.e., the composition and concentration 
of the dissolved organic carbon) and different 
mean cell sizes of the bacterial assemblage (0.17 to 
1.8 cu microm/cell), the C/V, N/V, and carbon to 
nitrogen weight ratios varied little (C/V ratio, 0.14 
pg of C/cu microm (standard deviation, 0.057; 
n=15); N/V ratio, 0.027pg of N/cu microm 
(standard deviation, 0.011, n=15); carbon to nitro- 
gen weight ratio, 5.6 (standard deviation, 2.2, 
n=15)). An average C/V ratio of 0.12 pg of C/cu 
microm that was derived from natural and cultured 
bacterial assemblages is proposed as an appropriate 
conversion factor for estimation of the biomass of 
freshwater bacteria. (Author’s abstract) 

'W90-09629 


VIRUSES AS PARTNERS IN SPRING BLOOM 
MICROBIAL TROPHODYNAMICS. 

Bergen Univ. (Norway). Dept. of Microbiology 
and Piant Physiology. 

G. Bratbak, M. Heldal, S. Norland, and T. F. 
Thingstad. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1400-1405, May 1990. 
7 fig, 33 ref. 


Descriptors: *Algal blooms, *Diatoms, *Fjords, 
*Food chains, *Viruses, Bacteria, Norway, Popu- 
lation density, Raunefjorden. 


Population sizes of algae, bacteria, heterotrophic 
flagellates, and viruses were observed through the 
1989 spring diatom bloom in Raunefjorden in west- 
ern Norway. The culmination of the diatom bloom 
was followed by a peak in the concentration of 
bacteria and an increase in the concentration of 
heterotrophic flagellates, a pattern consistent with 
the concept of a food chain from photosynthetical- 
ly produced organic material, through bacteria, to 
bacterivorous flagellates. The concentration of vi- 
ruses varied through the spring bloom from 
500,000 in the prebloom situation to a maximum of 
13 million viruses per mL one week after the peak 
of the diatom bloom. Coinciding with the collapse 
in the diatom bloom, a succession of bacteria and 
viruses was observed in the mucous layer sur- 
rounding dead or senescent diatoms, with an esti- 
mated maximum of 23% of the total virus popula- 
tion attached to the diatoms. The dynamic behav- 
ior observed for the virus population rules out the 
possibility that it is dominated by inactive species, 
and the viruses are suggested to be active members 
of the microbial food web as agents causing lysis in 
parts of the bacterial population, diverting part of 
the bacterial production of the predatory food 
chain. (Author’s abstract) 

W90-09632 


DIATOM RESPONSE TO LIMING OF A TEM- 
PERATE, BROWN WATER LAKE. 

Wisconsin Univ.-Eau Claire. Dept. of Biology. 

L. E. Ohl, R. A. Gont, and E. D. Dibble. 

Canadian Journal of Botany CJBOAW, Vol. 68, 
No. 2, p 347-353, 1990. 7 fig, 39 ref. 


Descriptors: *Acid lakes, *Diatoms, *Lake restora- 
tion, *Lakes, *Liming, *Limnology, Michigan, 
Peter-Paul Lake, Species composition. 


In a 1951 experiment, the two basins of acidic, dark 
water Peter-Paul Lake, Michigan, were separated 
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by an earthen dam. Peter Lake was limed and Paul 
Lake was not. Since 1920, reconstructed fossil 
diatom communities of the two basins were similar 
immediately before 1951 and different after 1951. 
Communities of both basins were altered in 1951, 
indicating concurrent nonliming factors were 
active. Since 1951 the Peter diatom community has 
gone through a series of species successions appar- 
ently influenced by liming. Mest recently, the 
Peter Lake community had nearly the same com- 
munity structure as just prior to the manipulation, 
whereas the Paul Lake community stabilized soon 
after 1951 and retained its altered structure. The 
two communities were different before the 1951 
experiment, and the use of Paul Lake as a reference 
was questioned. Postmanipulation diatom inferred 
pH was significantly higher in Peter Lake only 
when compared to premanipulation values in the 
same basin. (Author’s abstract) 
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DISTRIBUTION OF PLANT MACROREMAINS 
IN SURFACE SEDIMENTS OF MARION 
LAKE, SOUTHWEST BRITISH COLUMBIA. 
Simon Fraser Univ., Burnaby (British Columbia). 
Dept. of Biological Sciences. 

N. Wainman, and R. F. Mathewes. 

Canadian Journal of Botany CJBOAW, Vol. 68, 
No. 2, p 364-373, 1990. 11 fig, 5 tab, 37 ref. Natural 
Sciences and Engineering Research Council of 
Canada Grant A3835. 


Descriptors: *Climatology, *Lake sediments, 
*Lakes, *Paleoclimatology, *Paleoecology, *Plant 
populations, *Sediment analysis, British Columbia, 
Fossils, Marion Lake, Streams. 


Thirty surface sediment samples were collected 
from Marion Lake to establish the distribution 
patterns of potential plant macrofossils, with em- 
phasis on remains derived from upland species. 
Sample sites could be separated into three distinct 
groups on the basis of their macrofossil representa- 
tion: offshore sites, west shore sites, and east shore 
sites. Significantly fewer macrofossils were found 
in offshore sites than in nearshore sites. East shore 
sites had fewer forest macrofossils because of the 
presumed filtering effect of a bordering sedge 
marsh. Conifer needles were always more abun- 
dant than their seeds, whereas for most other taxa, 
reproductive structures were more common than 
vegetative ones. Thuja plicata and Tsuga hetero- 
phylla were well represented by vegetative re- 
mains reflecting their shared dominance (about 
90%) within 100 meters of the lakeshore. The 
highest frequencies and concentrations of macrore- 
mains were scale leaves and branchlets of Thuja, 
indicating that western red cedar should be readily 
detectable in older fossil deposits. A proportional 
relationship exists between macrofossil concentra- 
tions and site frequency, indicating mixing and 
dispersal before deposition in the lake. A major 
inlet stream (Jacob’s Creek) brings in many ma- 
croremains and appears to be the major source of 
Alnus rubra seeds and foliage of Abies amabilis and 
Pinus monticola. Seeds of the aquatic macrophyte 
Najas flexilis and oospores of the alga Nitella were 
frequently encountered in surface samples, al- 
though neither taxon was reported as growing in 
Marion Lake. (Author’s abstract) 

W90-09637 


HYDROLOGICAL MODELING OF ACIDIFIED 
CANADIAN WATERSHEDS. 

National Water Research Inst., Burlington (Ontar- 
io). Rivers Research Branch. 

For primary bibliographic entry see Field 5B. 
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PARTICULATE ORGANIC MATTER IN THE 
ORINOCO RIVER: A PRISTINE EXAMPLE. 
Instituto Venezolano de Investigaciones Cientifi- 
cas, Caracas. Centro de Ecologia y Ciencias Am- 
bientales. 

J. Paolini, and V. Ittekkot. 

Naturwissenschaften NATWAY, Vol. 77, No. 2, p 
80-81, February 1990. 3 fig, 1 tab, 15 ref. 
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Descriptors: *Orinoco River, *Particulate matter, 
*Rivers, *Suspended solids, Baseline studies, Land 
use, Nitrogen, Organic carbon, Tropical regions, 
Venezuela, Water analysis. 


The Orinoco is the largest river in Venezuela, with 
a drainage area of about 1 million sq km. In the 
coming years several large-scale modifications of 
the watershed are to be expected because of the 
development of the river’s hydroelectric potential, 
cattle ranching in the low plains, fisheries, agricul- 
ture and forestry, iron and bauxite mining and the 
exploitation of the Orinoco oil belt. The activities 
will alter the sedimentological and ecological 
regime of the river. A study was conducted to 
provide base-line data for any future comparison. 
The river was sampled between February 1981 and 
January 1982 at Ciudad Bolivar, about 450 km 
from the river mouth. Suspended matter obtained 
by filtration of water samples was analyzed for 
organic carbon, nitrogen and their constituent frac- 
tions such as carbohydrates and amino acids. Par- 
ticulate organic carbon in samples varied between 
1 and 6% total suspended solids (TSS), with the 
lowest value corresponding to the rising water 
stage in May. The C/N ratio of organic matter 
associated with the TSS was between 6.4 and 11.5. 
Particulate amino acid (PAA) and carbohydrate 
concentrations (PCHO) varied between 149 and 
900 microgram/L for PAA and between 69 and 
880 microgram/L for PCHO. The results show 
two pulses in material transport in the Orinoco 
River; one, during the rising, and another during 
the receding water stage. Such pulses have not 
been detected in other rivers of the tropics, which 
have been seriously affected by man’s impact. The 
planned changes in the Orinoco drainage basin 
might seriously affect aspects of the global carbon 
cycle relating to carbon transfer at the land-sea 
interface. (Agostine-PTT) 
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COMMUNITIES OF SESSILE ALGAE IN 
SOME SMALL STREAMS OF CENTRAL FIN- 
LAND. COMPARISON OF THE ALGAE OF 
THE HIGH MOUNTAINS OF EUROPE AND 
THOSE OF ITS NORTHERN REGIONS. 

Polish Academy of Sciences, Krakow. Zaklad Bio- 
logii Wod. 

B. Kawecka, and P. Eloranta. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 403-415, 1987. 2 fig, 2 tab, 36 ref. 


Descriptors: *Algae, *Diatoms, *Finland, *Moun- 
tain streams, Alpine regions, Arctic zone, Compar- 
ison studies, Ecology, Europe, Hydrogen ion con- 
centration, Oligotrophy, Water temperature. 


The biological communities in the running waters 
of the northern regions of Europe and in those in 
high mountains, composed of crystalline rocks, are 
in many ways similar; the main differences are the 
low temperature and low nutrient concentrations. 
Studies of Finnish streams were conducted in 
order to compare the algal communities found 
there with those of European high mountain 
streams which have been studied for many years. 
In the streams investigated similar algal communi- 
ties characteristic of oligotrophic waters devel- 
oped. Diatoms, mainly Achnanthes minutissima, A. 
microcephala, Tabellaria flocculosa, and Melosira 
distans var. alpigena, dominated. The index of 
diatom biomass was low. Most of the organisms 
found in abundance live in a wide range of envi- 
ronmental conditions; temperature, pH, current, 
etc. Among these species are some which prefer 
cold water or water with a low pH, planktonic 
forms which have been washed down from lakes, 
species described as arctic or northern alpine, 
whose ecology is little known. In the algal commu- 
nities, only a few of the dominating species are 
common to both the environments. Comparison of 
the algal communities of high mountain streams in 
Europe and those of its northern regions composed 
of crystalline rocks showed that they differ consid- 
erably despite the similar conditions (low tempera- 
ture, oligotrophy). (White-Reimer-PTT) 
W90-09677 


ZOOPLANKTON OF THE WISLA-CZARNE 
DAM RESERVOIR (SOUTHERN POLAND) IN 
THE YEARS 1975-1984. 


Polish Academy of Sciences, Goczalkowice. Hy- 
drobiological Station. 

W. Krzanowski. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 417-427, 1987. 5 fig, 1 tab, 11 ref. 


Descriptors: *Limnology, *Poland, *Reservoirs, 
*Zooplankton, Distribution, Rotifers, Species com- 
position, Succession, Wisla-Czarne Reservoir. 


The formation and development of zooplankton 
associations was observed for ten years in the 
Wisla-Czarne Dam Reservoir which was built in 
1975 on the Vistula River. Three stages can be 
distinguished over the ten year period. The first 
stage, covering the first four years, showed an 
abundance of zooplankton. On the average, in this 
period the waters of the reservoir were inhabited 
by about 400 indiv/cu dm, with a distinct domi- 
nance of rotifers. In stage two, spanning the years 
1979-1982, there was a decline in zooplankton 
numbers to average annual values of about 150 
indiv./cu dm of water with a stable species compo- 
sition. In stage three, 1983 and 1984, the species 
composition stabilized at 250 indiv/cu dm. No 
distinct differences were found in the vertical dis- 
tribution. The high altitude at which the reservoir 
lies, the shortened vegetation period, and the 
poorer trophic and thermal conditions caused the 
zooplankton of this dam reservoir to be much 
poorer in quality and quantity than that of other 
dam reservoirs of southern Poland. A total of 31 
species and forms of zooplankton were identified. 
The reservoir appeared to constitute an almost 
homogeneous habitat with no differences in species 
composition between stations. The fact that some 
species, especially cladocerans, reached a consider- 
able size indicates that the impact of fish on the 
zooplankton is negligible. (White-Reimer-PTT) 
W90-09678 


ECOLOGICAL CHARACTERISTICS OF 
CADDIS FLIES (TRICHOPTERA) OF 
STREAMS IN THE GORCE MTS (SOUTHERN 
POLAND). 

Polish Academy of Sciences, Krakow. Zaklad 
Ochrony Przyrody i Zasobow Naturalnych. 

B. Szczesny. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 429-442, 1987. 1 fig, 6 tab, 8 ref. 


Descriptors: *Aquatic insects, 
*Poland, *Stream ecology, 
Mountain streams, 
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The Tricoptera of the four main streams in the 
massif of the Gorce Mts (Northern Carpathians) 
were studied. Samples were collected three times, 
in spring, summer, and autumn, at 35 stations at 
altitudes of 380-1240 m. Sixty-two species were 
collected and five Tricopteran communities were 
disnguished. The number of caddis fly species 
known from the streams in the Gorce Mts. is 74, 
which is only 64% of the total number of species 
living in various kinds of streams in the Northern 
Carpathians. Therefore, it is expected that the 
number of species in the Gorce will increase. Ob- 
servations made previously on the distribution of 
caddis flies in the Northern Carpathian streams and 
rivers showed that in the lower course of natural, 
unpolluted streams the percentage of filtering 
caddis flies does not usually exceed 60% of their 
total, though in moderately polluted streams it is 
usually more than 80%, and in strongly polluted 
streams caddis flies are absent. (White-Reimer- 


PTT) 
W90-09679 


PRELIMINARY REPORT ON THE STONE- 
FLIES (PLECOPTERA) INHABITING MAIN 
WATERCOURSES IN THE GORCE MTS 
(SOUTHERN POLAND). 

Jagiellonian Univ., Krakow (Poland). Inst. of En- 
vironmental Biology. 

W. Fialkowski, and M. Olechowska. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 443-451, 1987. 1 fig, 5 tab, 9 ref. 


Descriptors: *Aquatic insects, *Forest watersheds, 
*Poland, *Stoneflies, *Stream ecology, Altitude, 


Gorce Mountains, Habitats, Mountain streams, 
Species composition. 


The stoneflies inhabiting the streams Kamienica, 
Lopuszanka, Ochotnica (with Foredowka), and 
Olszowy Potok (with Porebianka) draining the 
Gorce National Park in the Gorce Mountains were 
investigated. Both larvae and imagines were col- 
lected. Fifty-seven species were identified and the 
altitudinal distribution determined. Most of the 
stonefly nymphs inhabiting the investigated 
streams belonged to the shredders and gathering 
collector types. The predator species occurred pre- 
dominantly at the lower altitudes (400-700 m). No 
marked differences were found between streams. 
This was probably due to the fact that all the area 
investigated flowed through forests so that differ- 
ences in insolation and temperature were negligi- 
ble. The average flow velocity was almost equal in 
all the streams. Only the magnitude of a stream and 
its discharge might be of importance and it was 
probably for this reason that the Kamienica stream 
had the richest stonefly fauna. Other factors which 
usually influence the abundance of Plecoptera are 
human settlement, agriculture, and forestry. In the 
territory of the National Park, except for forestry, 
these were strictly limited and no clear relationship 
between any of these factors and the diversity of 
the stonefly fauna was found. (White-Reimer-PTT) 
W90-09680 


PHYTOPLANKTON PRIMARY PRODUCTION 
AND NUTRIENTS IN THE OOSTERSCHELDE 
(THE NETHERLANDS) DURING THE PRE- 
BARRIER PERIOD 1980-1984, 

Ministry of Transport and Public Works, Middel- 
burg (Netherlands). Tidal Waters Div. 

For primary bibliographic entry see Field 2L. 
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FIELD AND LABORATORY STUDIES ON 
NILE PHYTOPLANKTON IN EGYPT IV. PHY- 
TOPLANKTON OF ASWAN HIGH DAM LAKE 
(LAKE NASSAR). 

Assiut Univ. (Egypt). Dept. of Botany. 

A. A. Mohammed, A. M. Ahmed, and A. M. E]l- 
Otify. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 5, p 549-578, 1989. 16 fig, 5 
tab, 78 ref. 


Descriptors: *Aswan High Dam Lake, *Chloro- 
phyll, *Egypt, *Lake Nasser, *Limnology, *Nile 
River, *Phytoplankton, Cyanophyta, Diatoms, 
Limiting nutrients, Nitrogen, Seasonal variation, 
Vertical distribution. 


Seasonal, local, and monthly vertical variations in 
chlorophyll a concentration and in qualitative 
counts in Aswan High Dam Lake (AHDL) phyto- 
plankton were followed from March 1982 to Feb- 
ruary 1984. Chlorophyll a levels showed both 
monthly and vertical variations. Generally, chloro- 
phyll a concentrations ranged from 1.5 microg/L 
to 19 microg/L. The total phytoplankton counts 
and the main phytoplankton groups showed con- 
siderable monthly variations and changes in verti- 
cal distribution. Total phytoplankton counts 
ranged from 351,000/L in September at 20 m 
depth to 13,300,000/L in January 1983 at 5 m 
depth. Diatoms and blue-green algae alternated in 
the dominance of the phytoplankton community. 
The genera Cyclotella and Anabaenoposis were 
the most predominant in the phytoplankton com- 
munity. The lowest nitrogen concentrations re- 
corded in AHDL during the whole period of study 
(2 and 8 microg/L at 0-3 m and 8 m depth in 
September 1982) were a result of the remarkable 
development of phytoplankton at that time. These 
concentrations are definitely limiting for phyto- 
plankton growth not only in Nile water in Egypt 
but also in other waters in Africa. (See also W90- 
09701) (White-Reimer-PTT) 
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FIELD AND LABORATORY STUDIES ON 
SOME PHOTOSYNTHETIC BACTERIA IN 
ASWAN HIGH DAM LAKE. II. ISOLATION 
AND IDENTIFICATION OF PURPLE NON- 
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Assiut Univ. (Egypt). Dept. of Botany. 

A. A. M. Shoreit, A. M. Ahmed, and M. S. A. 
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Internationale Revue der Gesamten Hydrobiologie 
gif Vol. 74, No. 5, p 579-583, 1989. 1 fig, 1 
tab, 11 ref. 
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Descriptors: *Aquatic bacteria, *Aswan High Dam 
Lake, *Egypt, *Lake Nasser, *Limnology, *Nile 
River, Purple non-sulfur bacteria, Rhodopseudo- 
monas, Seasonal variation. 


Bacteria were isolated from samples from the 
Aswan High Dam Lake (AHDL) in Egypt be- 
tween the summer of 1984 and spring 1985. A total 
of 485 isolates were recorded comprising five dif- 
ferent genera with eight different species of purple 
non-sulfur bacteria. Rhodopseudomonas was the 
most common genus at all sites and was represent- 
ed by three species, R. acidophila, R. blastica, and 
R.palustris. Rhodomicrobium was the second in 
frequency and was represented by R. vannielli 
only. This species was only recorded for khor sites. 
Rhodocuclus was represented by two species, R. 
gelatinosus and R. tenuis. Rhodobacter and Rho- 
dospirillum were represented by one species each, 
Rhodobacter capsulatus and Rhodospirillum 
rubrum. Khor sites were richer in number of iso- 
lates and genera of purple non-sulfur bacteria than 
the main body of AHDL. Some species were more 
common in winter and spring while others pre- 
dominate in summer and autumn. (See also W90- 
09700) (Author’s abstract) 
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LANDSAT AND  LIMNOLOGICALLY _DE- 
RIVED WATER QUALITY DATA: A PERSPEC- 
TI 


Hydrological Research Inst., Pretoria (South 
Africa). 

For primary bibliographic entry see Field 7B. 
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INFLUENCE OF CHAOBORUS DENSITY ON 
THE EFFECTS OF AN INSECTICIDE ON ZOO- 
PLANKTON COMMUNITIES IN PONDS. 
National Inst. for Environmental Studies, Ibaraki 
(Japan). Environmental Biology Div. 

For primary bibliographic entry see Field 5C. 
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INFLUENCE OF ENVIRONMENTAL FAC- 
TORS ON NITRATE REDUCTASE ACTIVITY 
IN FRESHWATER PHYTOPLANKTON. 
Kinneret Limnological Lab., Tiberias (Israel). 

D. Wynne, and T. Berman. 

Hydrobiologia HYDRB8, Vol. 194, No. 3, p 235- 
245, 1990. 8 fig, 7 tab, 29 ref. Israel National 
Council for Research and Development Grant 
WF12. 


Descriptors: *Cycling nutrients, *Enzymes, 
*Israel, *Limnology, *Phytoplankton, Ammonium, 
Lake Kinneret, Nitrate reductase, Nitrates, Nutri- 
ents, Orthophosphates. 


Water samples were taken from three regions in 
the Kinneret ecosystem (the watershed (WS), the 
National Water Carrier (NWC), and the lake) over 
a 14-mo period, and nitrate reductase (NR) activity 
of the phytoplankton was measured by a simplified 
assay developed previously for field studies. A 
complex relationship between NR activity and am- 
bient NO3 and/or NH4 concentrations was ob- 
served. NR activity generally was not predictable 
from ambient nutrient concentrations. No correla- 
tion between NR activity and the ambient ortho- 
phosphate concentrations or the dissolved, inor- 
ganic N:P atomic ratio was observed although NR 
activity appeared to correlate with both NO3 and 
NH4 uptake. The present results suggest that NR 
activity is related to the nutritional status of the 
cells and their nutrient prehistory rather than ambi- 
ent nutrient conditions. (Author’s abstract) 
W90-09730 


HYDROBIOLOGICAL RESEARCH IN PEAT 
POLDER DITCHES. 


Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 

L. W. G. Higler. 

Hydrobiological Bulletin HYBUD9, Vol. 23, No. 
2, p 105-109, December 1989. 2 fig, 1 tab, 14 ref. 


Descriptors: *Ditches, *Hydrobiology, *Limnolo- 
gy, *Polders, *The Netherlands, *Wetlands, 
Algae, Demmerik Polder, Eutrophication, Fish, 
Interdisciplinary studies, Invertebrates, Macro- 
phytes, Nutrients, Open channels, Peat, Sampling, 
Sludge, Wastewater. 


During the period 1981-1984, the Department of 
Hydrobiology of the Research Institute for Nature 
Management performed a number of research 
projects in ditches in the low-moor peat area of 
The Netherlands. The projects comprised studies 
of oxygen regime, availability of N and P, distribu- 
tion and biology of filamentous algae, distribution 
of fish and macroinvertebrates, and the use of 
sampling devices for macroinvertebrate sampling 
of microhabitats. The study is described in general, 
including history of the landscape and current 
conditions in the peat polder ditches. The Dem- 
merik Polder covers 188 ha and is bordered by 
canals on three sides. The management of the 
ditches normally consists of removal of sludge and 
aquatic vegetation. However, the sludge has not 
been removed from most ditches since the 1970s 
and the average thickness is about 50 cm (10% dry 
matter). Although aquatic vegetation is removed 
annually, much biomass is left in the middle of the 
ditches. Water depth in the ditches studied in the 
present work varies from 50 to 100 cm, whereas 
overall it varies from 20 to 100 cm. The ditches 
receive unpurified wastewater. The water is eutro- 
phic and slightly brackish. Potassium content is 
relatively high. Many ditches have luxuriant 
growth of filamentous algae, which sometimes 
forms thick blankets on the surface. Waterlilies are 
found in many other ditches. Ditches with each 
type of vegetative cover were studied. (See W90- 
09732 thru W90-09735) (Rochester-PTT) 
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ANNUAL AND DIEL OXYGEN REGIME IN 
TWO POLDER DITCHES. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 

K. Kersting, and P. Kouwenhoven. 
Hydrobiological Bulletin HYBUD9, Vol. 23, No. 
2, p 111-123, December 1989. 11 fig, 3 tab, 29 ref. 


Descriptors: *Dissolved oxygen, *Ditches, *Lim- 
nology, *Polders, *The Netherlands, *Wetlands, 
Demmerik Polder, Diurnal variation, Light, Math- 
ematical equations, Open channels, Peat, Primary 
productivity, Respiration, Temperature. 


The oxygen regime of two polder ditches and two 
enclosures within these ditches was studied in the 
Demmerik Polder (The Netherlands). Continuous 
oxygen, temperatures, and light measurements 
were performed for 24-hr periods each month for 
2.5 yr in the ditches and 1 yr in the enclosures. O2 
concentrations were between 0-23 ppm, with diur- 
nal ranges as large as 18 ppm. Steep gradients 
between bottom and surface developed, but mostly 
disappeared during nightly turnover. The 10-per- 
centile of the surface water measured between 9 
and 17 hours was above 3 ppm, fulfilling the Dutch 
standards for this type of ecosystem. The O2 con- 
centrations near the bottom could drop to zero; 
during the night surface concentrations below 1 
ppm were measured. Based on average oxygen 
saturation values, it is concluded that in the open 
water of ditches oxygen consumption prevailed, 
whereas in the enclosures oxygen production was 
most important. Based on the mass balance equa- 
tion, gross primary production and respiration 
were calculated. Annual average respiration varied 
between 2.5 and 6.6 g O2/sq m/day and average 
gross primary production between 3.2 and 4.8 g 
O2/sq m/day. Maximum daily production and res- 
piration were 15.9 and 22.3 g O2/sq m/day, re- 
spectively, indicating that polder ditches are 
highly productive ecosystems. (See also WS0- 
09731) (Author’s abstract) 
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RELEASE OF SEDIMENTARY NITROGEN 
AND PHOSPHORUS IN POLDER DITCHES 
OF A LOW-MOOR PEAT AREA. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 

M. J. H. A. Van der Linden. 

Hydrobiological Bulletin HYBUD9, Vol. 23, No. 
2, p 125-134, December 1989. 1 fig, 7 tab, 23 ref. 


Descriptors: *Ditches, *Eutrophication, *Limnolo- 
gy, *Nutrient transport, *Polders, *The Nether- 
lands, *Water pollution sources, *Wetlands, Chem- 
ical reactions, Demmerik Polder, Mineralization, 
Nitrogen, Open channels, Peat, Phosphorus, Sea- 
sonal variation, Sediments, Seepage, Waterlilies. 


The release of N and P from the sediment of two 
ditches one (A) dominated by filamentous algae 
and the other (B) dominated by water lilies, was 
estimated by core and enclosure experiments in the 
Demmerik Polder (The Netherlands). The release 
rates for ditch A tended to be higher than those for 
ditch B. Sediment cores covered by a filamentous 
algae layer released 1.5 times more N and P than 
those from which the layer had been removed. 
During the incubation of cores in the dark at 20 C 
for 2-3 wk, about 10% of the N in the filamentous 
algae layer was mineralized. The mineralization 
could be described as a first-order reaction with a 
rad constant of about 0.2/day. On average, the 
cores of ditches A and B released about 40 mg 
mineral N and 3 mg soluble reactive P (SRP) per 
sq m per day. Defining the release from the sedi- 
ment in the enclosures as the net increase of N and 
P in the water phase and in the vegetation minus 
the input, a negative net release (i.e., net accumula- 
tion of N and P in the sediment) was found over 
the summer half of the year. The negative values 
were due to the significant N and P input resulting 
from pumping ditch water into the enclosures to 
compensate for downward seepage. From the en- 
closure experiments a downward seepage rate of 
14 mm/day and an external load of about 6 g/sq 
total N and 0.6 g/sq m total P during the summer 
half of year was calculate for the ditches (i.e., 33 
mg N/sq m/day and 3 mg P/sq m/day). Tentative 
gross release rates, base on the sum of the positive 
net release of N and P into the water phase over 1- 
2 wk intervals and the net increase of N and P in 
the vegetation, converted to 20 C and allowing for 
underestimation of the primary production by a 
factor of 5, amounted to 58 mg mineral N and 7 mg 
SRP per sq m per day during the summer half of 
the year. Combining the rates estimated by cores 
and enclosures and converting them to rates at the 
mean water temperature during the summer half of 
the year, the release of mineral N and SRP 
amounted to roughly 40 and 4 mg/sq m/day, re- 
spectively. The release rates as well as the external 
load indicated a relatively low eutrophication of 
the ditches. (See also W90-09731) (Author’s ab- 
stract) 
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MACROINVERTEBRATES IN DUTCH 
DITCHES: A TYPOLOGICAL CHARACTER- 
IZATION AND THE STATUS OF THE DEM- 
MERIK DITCHES. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
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Different aspects of using a new multivariate anal- 
ysis technique, detrended canonical correspond- 
ence analysis (DCCA) for the elaboration of ma- 
crofaunal data from ditches in The Netherlands 
(126 sites in Overijssel province, 18 sites in 
Drenthe province, and 8 sites in the Demmerik 
Polder) are described. In DCCA, a graphical rep- 
resentation is given of combined main biotic and 
abiotic parameters. Especially for hydrology, the 
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technique is promising. A typological scheme re- 
sulted from typifying ‘small, stagnant, line-shaped 
waters’ or ditches in the province of Overijssel. All 
ditches were separated into eight major clusters. 
The most important related variables were acidity, 
drought, and stream velocity, within which nutri- 
ent content/organic load was diverse. The Dem- 
merik ditches represented larger ditches on a peaty 
substrate; they belong to the ‘real ditches.’ The 
taxonomic composition most resembles that of 
clear, eutrophic, permanent ditches with a dense 
vegetative cover. (See also W90-09731) (Author’s 
abstract) 
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The relation between the different microhabitats 
and habitats and the quantitative distribution of 
macroinvertebrates was investigated, and the appli- 
cability of different sampling devices also was 
studied. Samples were taken by a metal box (50x36 
cm) with two open sides, an artificial substrate 
consisting of two gauze frames (15x25 cm), an 
open-ended cylinder (40 cm in diameter) with a 
gauze cylinder on top to prevent the escape of 
swimming animals, two types of pond net, an open- 
ended cylinder of 52 mm for bottom cores, and a 
metal, grab-like box (32x32 cm) for obtaining vege- 
tation samples. Data processing employed multi- 
variate analysis (FLEXCLUS, CANOCO). It was 
concluded that the spatial-physical structure is 
more important to macroinvertebrate species than 
the plant species. The spatial-physical structure can 
be indicated as the ‘mesh-size’ of a (micro)habitat. 
This ‘mesh size’ decreased in order from open 
vegetation, shore/dense vegetation, artificial sub- 
strate, bottom material, and filamentous algae. Dif- 
ferent sampling devices are recommended for ade- 
quate sampling of the macroinvertebrate communi- 
ty. (See also W90-09731) (Rochester-PTT) 
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Nitrogen and phosphorus releases from swamp 
water, Cyperus papyrus plant organs, and papyrus 
swamp sediments were investigated in Kahawa 
Swamp, Kenya. The release of nutrients by disso- 
lution of decomposing organic matter was very 
important for the swamp water under prevailing 
anaerobic conditions. Large amounts of nutrients 
were found in the incubation water with plant 
organs and sediment within the first 48 hr. Leach- 
ing of the nutrients from the plant organs and 
sediment caused high initial values. Subsequently 
decomposition of the organic matter caused slight 
changes in the nutrient levels in the water. Prob- 
ably denitrification plays a role in the nitrogen 
dynamics, whereas phosphorus was mineralized. 
(Author’s abstract) 
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A study of the free-swimming macroinvertebrave 
communities of 23 lakes in Maine, ranging in pH 
from 4.45 to 7.20, showed extensive populations in 
the acidic fishless lakes. This was attributed to the 
absence of fish predation in these lakes, as opposed 
to a positive influence of high hydrogen ion con- 
centrations, altered competitive interactions, or dif- 
ferences in nutrient levels. The predominant mem- 
bers of these communities were the backswimmers 
(Hemiptera: Notonectidae) Buenoa and Notonecta, 
and larvae of the dytiscid beetle Graphoderus. 
Corixids, the trichopteran larvae Triaenodes, and 
hydracarinids were also more abundant in the fish- 
less lakes. This, and other studies, indicates that 
increased macroinvertebrate abundance in acidic 
fishless lakes, relative to nonacidified lakes with 
fish, is a general phenomenon, with the communi- 
ties of North American lakes dominated by nonec- 
tids and the communities of Scandinavian lakes 
dominated by corixids. (Author’s abstract) 
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Iodine is an essential trace element for living orga- 
nisms and therefore it is important to know the 
exact iodine concentration in the environment. A 
definitive method of isotope dilution mass spec- 
trometry (IDMS) was developed to determine four 
different iodine species in aquatic systems (iodide, 
iodate, and two organoiodine compounds: one of 
the organic species is chromatographically elutable 
from a column filled with an anion exchanger 
resin, the other is not). The iodine species were 
analyzed after the isotope dilution step with an 
enriched 129-I spike and after their chromatogra- 
phic separation. The total iodine concentration was 
measured after decomposition of organic com- 
pounds in the aquatic system by UV irradiation. 
Different types of natural water samples (river 
water, pond water, moorland lake water) were 
analyzed and important water parameters such as 
pH, redox potential, oxygen content, and dissolved 
organic carbon were measured for each of these 
samples. The total iodine concentration in the dif- 
ferent samples differed only slightly in the range of 


2-7 micrograms/L. In most of the moorland lake 
water samples only the two organoiodine species 
could be detected. In these samples the concentra- 
tion of iodide and iodate was less than the detec- 
tion limit of 0.5 and 0.1 micrograms/L. On the 
other hand, all four iodine species could be deter- 
mined in most of the river water samples. Positive 
correlations were found for the oxygen content of 
the water samples and the iodate concentration as 
well as for the redox potential and the anionic 
organoiodine compound. (Author’s abstract) 
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The somatic production of macrozoobenthic popu- 
lations is an important component of energy flow 
and organic matter cycling in aquatic ecosystems, 
especially in shallow water areas. The assessment 
of production, however, is a time-consuming and 
expensive work, even at the level of a single popu- 
lation, and therefore many colleagues searched for 
an easier way to get a reliable estimate of produc- 
tion. The empirical relations between annual so- 
matic production (P), mean annual biomass (B), 
annual P/B ratio, and mean individual weight (W) 
in macrobenthic invertebrate populations from 
areas between 12 and 70 degrees latitude and down 
to 300 m water depth were analyzed by means of 
multiple linear regression of the log-transformed 
data. In total, 337 data sets, representing 138 spe- 
cies were included. The dependence of P on B and 
W is highly significant, whereas P/B depends only 
on W and not on B. The regression equations differ 
significantly among the main taxonomic groups, 
Mollusca, Polychaeta, and Crustacea. The compar- 
ison of original data on the production of macro- 
benthic populations with estimates based on the 
empirical relations established here shows that at 
the community level (i.e., sum of all species) 
annual production can be estimated from mean 
annual biomass B and mean individual weight W of 
each population by means of the empirical regres- 
sion functions of P on B and W. (Author’s ab- 
stract) 
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Polders ure a special type of drained agricultural 
land typically found in low-lying coastal areas, 
river plains, shallow lakes, lagoons, and upland 
depressions. Before impoldering, polder areas were 
either waterlogged or temporarily or permanently 
under water. An area becomes a polder when it is 
separated from the surrounding hydrological 





regime in such a way that its water level can be 
controlled independently of its surrounding 
regime. This condition is accomplished by various 
combinations of drainage canals and dikes. This 
chapter considers the characteristics of polders and 
their engineering, mainly with examples from The 
Netherlands. Topics include: definition of polders, 
polder soils, water management in polders, design 
of the water management system, design of the 
drainage system, irrigation and drainage, flood 
control and flood protection, dike design, influ- 
ences of the polder on the existing hydrologic 
regime, and polders of the future. Polders included 
as examples include Flevoland polder (The Neth- 
erlands), IJsselmeerpolders (The Netherlands), 
tidal lowland farms (Indonesia), Markerwaard 
(The Netherlands). Constructing a polder influ- 
ences the existing hydrologic regime in a number 
of ways, such as: lowering the groundwater table 
in adjacent lands, reducing the cross section of the 
river flood plain, increasing salt water intrusion 
into rivers (if near the sea coast), and cutting off 
the supply of river sediment to flood plains, with 
related subsidence in the polders and sediment 
accumulation in river channels. Approximately 
1230 million ha represent land potentially suitable 
for impoldering. Numerous obstacles, technical, 
economic, and environmental, may prevent a given 
area from becoming a polder. (See also W90- 
09992) (Rochester-PTT) 
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A variety of models to predict macroinvertebrate 
distribution have been developed in the past 
decade. These techniques have been based upon 
acquisition of density estimates in relation to vari- 
ous physical parameters related to or controlled by 
the flow. Those models that appear to show the 
most promise to provide habitat, distribution, or 
biomass information when associated with the ap- 
propriate predictions of regulated flow hydraulics 
and releases are reviewed here. Topics include: 
stratified habitat sampling; combined habitat pref- 
erences (for depth and velocity); instream flow 
simulations (instream flow incremental methodolo- 
gy, incremental habitat suitability curves, and ex- 
ponential polynomial habitat models); and turbu- 
lence and stress models. Depending on competi- 
tion, predator-prey interactions, and resource 
availability, habitat requirements will vary from 
system to system. Instream flow predictions to 
assess impacts and appropriate release schedules 
are limited by biological information rather than 
hydraulic information. The hydraulic simulations 
contained in steady-state simulations and dynamic 
flow models are quite accurate. However, the habi- 
tat suitability information used in all these models 
is based on instantaneous measurements of density 
and hydraulic conditions at a single discharge, 


usually under steady-state conditions. Thus, little is 
known of the actual response of benthos to dynam- 
ic flows of varying intensity and duration, such as 
peaking hydropower. It may be that under dynam- 
ic flow conditions, minimum available habitat over 
a short period of extreme stress may be the critical 
condition to be evaluated rather than availability of 
optimum conditions as presently considered by 
PHABSIM (Physical Habitat Simulation) and 
other instream flow evaluations. Although few in- 
stream flow evaluations have included the benthic 
component, it is apparent that instream flow needs 
for benthic species must be included in analysis of 
regulated stream systems for maintenance of biotic 
integrity. (See also W90-09997) (Rochester-PTT) 
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The wide use of the instream flow incremental 
methodology (IFIM) and the complexity of the 
water resource issues, coupled with the numerous 
options and pathways available in the PHABSIM 
(Physical Habitat Simulation model), have pro- 
duced a wealth of instream flow studies. An over- 
view is provided here of the IFIM along with a 
description of some of the key components of the 
methodology. Topics include: the habitat model, 
suitability curves, simple and complex channel in- 
dexes, making habitat predictions using PHAB- 
SIM, simulation of hydrology and hydraulics, an 
analysis of institutional roles in IFIM application, 
and strategies for performing instream habitat stud- 
ies. The Chattahoochee River, Georgia, instream 
flow study provides an example of the application 
of IFIM. IFIM can be employed in studies em- 
ploying time series of physical habitat and simulat- 
ing peaking hydropower flows provided the ap- 
propriate computer modeling program is chosen. 
The IFIM is a flexible, general methodology ideal- 
ly suited for assessing the environmental impacts of 
water resources on habitat for aquatic biota. It also 
is well suited for developing management guide- 
lines that allow water resources development with 
a minimum of habitat degradation. It is, unfortu- 
nately, complex and requires a substantial invest- 
ment in time and effort to master the many ele- 
ments within the system. However, once mastered, 
IFIM provides the user a powerful tool for devel- 
oping elegant and innovative solutions to a 
common subset of environmental problems. IFIM 
may be considered ‘state-of-the-art’ by some work- 
ers, but it should not be regarded as a static tool. 
Rather, it should be viewed as a dynamic concept 
that lends itself well to modification and further 
refinement. The IFIM is not a substitute for 
common sense and should not supersede or replace 
other areas of aquatic science and fishery biology. 
(See also W90-09997) (Rochester-PTT) 
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The creation of impoundments for water supply, 
power production or recreational purposes often 
produces breeding habitat for mosquitoes. The 
biting activity of these mosquitoes often causes a 
substantial nuisance and may transmit disease 
pathogens to people and domestic animals. All 
mosquitoes contain the same stages (egg, larva, 
pupa, and adult) in their life cycle. Permanent 
water mosquitoes, such as Culex or Anopheles, lay 
their eggs on standing water. Temporary pool or 
floodwater mosquitoes, such as Aedes and Psoro- 
phora, deposit eggs on damp soil or vegetation, 
while container or tree hole-breeding Aedes lay 
eggs on the sides of natural or man-made contain- 
ers. Mosquitoes have four larval instars. Rates of 
development for larvae are dependent on tempera- 
ture. Optimum temperatures usually vary between 
25-32 C with development occurring slowly below 
18 C. The pupal stage is brief and usually lasts only 
a few days. At low temperatures (15-20 C) mosqui- 
toes may remain as pupae for several weeks. 
Adults that emerge from the pupal stage are ready 
to fly within minutes. Mating usually occurs within 
two days of emergence. Only females feed on the 
blood of vertebrate animals; however, both male 
and female mosquitoes ingest plant sugars such as 
nectar. The development of effective management 
programs for mosquitoes associated with impound- 
ments is largely dependent on biological informa- 
tion about local mosquito populations and the envi- 
ronmental conditions that cause outbreaks of mos- 
quitoes. (See also W90-10011) (Mertz-PTT) 
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A survey of lakes in mountainous areas of the 
western United States was conducted in fall of 
1985 by the U.S. Environmental Protection 
Agency in cooperation with the U.S. Department 
of Agriculture Forest Service. Of the 719 probabil- 
ity sample lakes, only one was acidic; 99% of the 
lakes were estimated to have pH > 6.0. However, 
acid neutralizing capacity (ANC) was less than or 
equal to 50 microequivalents/L for an estimated 
16.8% of the lakes in the study area. Of the five 
subregions in the West, California had the highest 
proportion of lakes with ANC less than or equal to 
50 microequivalents (36.7%) and the Southern 
Rocky Mountains had the lowest proportion 
(4.6%). The lakes in the West were post-stratified 
into geomorphic units corresponding to major 
mountain ranges. Watershed factors, including wa- 
tershed area, lake area, watershed area:lake area 
ratio, lake depth, watershed slope, percent exposed 
bedrock, elevation, and hydraulic residence time, 
were examined within six geomorphic units in 
order to evaluate their relationship to lake ANC. 
These watershed variables had poor predictive ca- 
pability with respect to ANC. The results suggest 
that higher-resolution information for factors such 
as mineralogy and hydrology are required for pre- 
diction of lake ANC within a given geomorphic 
unit. (See also W90-10068) (Author’s abstract) 
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USE OF WETLANDS FOR WASTEWATER 

TREATMENT. 

New England Univ., Biddeford, ME. Div. of Life 

Sciences. 

For primary bibliographic entry see Field 5D. 
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EXCHANGE OF PHOSPHORUS FROM SHAL- 
LOW SEDIMENTS AT NINE ALBERTA 
LAKES. 


Alberta Univ., Edmonton. Dept. of Zoology. 

J. F. H. Shaw, and E. E. Prepas. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 249-256, April/June 1990. 2 fig, 7 tab, 
64 ref. 
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ent transport, *Nutrients, *Phosphorus, Bottom 
sediments, Interstitial water, Iron, Lakes, Path of 
pollutants, Sediments, Shallow water. 


Potential exchange of phosphorus between sedi- 
ments and lake water and between particulate sedi- 
ments and pore water was evaluated in nine eutro- 
phic lakes in Alberta. Lake water above the sedi- 
ments, pore water, and sediments were collected 
from shallow depths during May to August 1986. 
Lake water soluble-reactive P concentrations 
(SRP) were positively correlated with pore water 
SRP and negatively with the Fe/P molar ratio in 
pore water. Potential release of SRP from sedi- 
ments to lake water (by molecular diffusion) was 
positively correlated with particulate P fractions 
known to exchange P with water. In pore water 
SRP was positively correlated with ferrous ion 
concentration and weakly correlated with pH. The 
following conclusions were drawn: (1) P has the 
potential for transport from sediments to lake 
water when Fe is not abundant; (2) partitioning of 
P within sediments and the release of P from 
sediments to lake water are complex processes, 
only partially regulated by pH and ferrous ion in 
pore water. (Cassar-PTT) 
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SELENIUM IMMOBILIZATION IN A POND 
SEDIMENT AT KESTERSON RESERVOIR. 
Golder Associates, Inc., Alameda, CA. 

For primary bibliographic entry see Field 5G. 
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EFFECTS OF ROAD DEICING SALT ON 
CHLORIDE LEVELS IN FOUR ADIRONDACK 
STREAMS. 

State Univ. of New York Coll. of Environmental 
Science and Forestry, Newcomb. Adirondak Eco- 
logical Center. 

For primary bibliographic entry see Field 5B. 
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EVALUATION FRAMEWORK FOR WETLAND 
REGULATION. 

World Health Organization, Kuala Lumpur (Ma- 
laysia). 

For primary bibliographic entry see Field 6B. 
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RAIN FORESTS OF THE OK TEDI HEADWA- 
TERS, NEW GUINEA: AN ECOLOGICAL 
ANALYSIS. 

Queensland Univ., Brisbane (Australia). Dept. of 
Anthropology and Sociology. 

For primary bibliographic entry see Field 2I. 
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LOTIC VEGETATION DYNAMICS FOLLOW- 
ING DISTURBANCE ALONG THE SWAN AND 
APSLEY RIVERS, TASMANIA, AUSTRALIA. 
Tasmania Univ., Hobart (Australia). Dept. of Ge- 
ography. 

J. M. R. Hughes. 

Journal of Biogeography JBIODN, Vol. 17, No. 3, 
p 291-306, May 1990. 8 fig, 4 tab, 91 ref. 
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Fourteen permanent quadrats were used to investi- 
gate lotic aquatic vegetation dynamics in relation 
to a range of hydrologic events over a 28 month 
period along the Swan and Apsley Rivers, Tasma- 
nia. The effects of disruption were measured in 
terms of displacement of community structure, and 





changes in species cover, richness, diversity, turn- 
over and evenness. Two hypotheses were pro- 
posed to test whether the lotic plant communities 
could be regarded as individualistic plant assem- 
blages that owe their change in community struc- 
ture to the frequency and magnitude of disturb- 
ances: (1) that the direction of change of piots over 
time is random; (2) there is no similarity of change 
between plots over time. The communities of 
aquatic macrophytes showed little resistance to 
perturbations in terms of community structure, and 
there was total randomness of directionality of 
change over time. Nonequilibrial or stochastic 
processes (i.e. discharge fluctuations) were impor- 
tant in regulating assemblages of aquatic plants. 
Evidence of site-specific succession does not sup- 
port an organismic interpretation, and disturbance 
tended to favor opportunistic species that recov- 
ered rapidly through vegetative means, i.e. low 
resilience at the community scale but high resil- 
ience at the species scale. A tendency towards 
species polydominance supports an individualistic, 


abiotic interpretation of community structure and 
change. (Author’s abstract) 
W90-10224 


INVENTORY OF ROTIFER SPECIES DIVER- 
SITY OF NORTHERN MICHIGAN INLAND 
LAKES. 

Dartmouth Coll., Hanover, NH. Dept. of Bologi- 
cal Sciences. 

R. S. Stemberger. 

Archiv fuer Hydrobiologie AHYBA4, Vol. 118, 
No. 3, p 283-302, May 1990. 2 fig, 2 tab, 68 ref. 
— Grant 34898 and NSF Grant BSR- 
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tems, Plankton, Seasonal variation, Species compo- 
sition. 


More than 160 taxa representing 41 genera were 
identified from this extensive first time inventory 
of rotifers from inland lakes of northern lower 
Michigan. About 30 species of planktonic rotifers 
(36 species of total rotifers) were found per lake 
based on 8 collections (1 per season) for a 2 year 
period (summer 1973-winter 1975). This unusually 
large number of species may reflect the advantage 
of the year around sampling routine. Eight of the 
75 planktonic species (11%) were endemic to 
North America. Large oligomesotrophic lakes 
contained nearly twice the number of planktonic 
species (34) as small, hypereutrophic bog lakes 
(18). Wildlife impoundments had the greatest 
number of planktonic species (39) and greatest 
number of total species recorded (65). Summer and 
fall collections contained about 60% of the total 
numbers of species found per lake whereas winter 
and spring collections had only 32% and 47% of 
total species, respectively. The inventory produced 
2 new species in the genera Notholca and Keratella 
suggesting a high probability that many unde- 
scribed species still exist in Michigan and in the 
United States. Detailed taxonomic surveys of the 
zooplankton of the United States have not been 
undertaken so that biogeography and species di- 
versity are poorly known. The rotifer communities 
of each lake can be reconstructed from figures and 
tables making this inventory an important bench- 
mark for evaluating future regional environmental 
change. (Author’s abstract) 
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DISTRIBUTION PATTERNS OF OLIGO- 
CHAETES IN THE ENGLISH LAKE DISTRICT. 
National Water Research Inst., Burlington (Ontar- 
io). Lakes Research Branch. 

T. B. Reynoldson. 

Archiv fuer Hydrobiologie AHYBA4, Vol. 118, 
No. 3, p 303-339, May 1990. 7 fig, 10 tab, 72 ref, 2 
append. 
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Three factors are considered as being important in 
determining the distribution and abundance of Oli- 


gochaeta. First, the lake productivity; this may be 
a simplistic statement but the oligochaete carrying 
capacity of the profundal environment is deter- 
mined by the rate of input of food material from 
above. This is demonstrated by the relationship 
between the Lake Series and oligochaete numbers. 
In general, the more productive lakes such as 
Esthwaite and Blelham, maintain larger popula- 
tions than the less productive lakes. The factors 
which may affect oligochaete dynamics in the 
Lake District were examined by regression analy- 
ses by a number of environmental variables and 
oligochaete abundance. These analyses confirmed 
the importance of primary productivity in deter- 
mining the carrying capacity of the lakes. Second, 
the temperature which operates on the breeding 
and maturation cycles of the species. There is clear 
evidence from this work that temperature affects 
reproductive performance and growth rates in tu- 
bificids. In the study lakes substantial growth was 
only possible in the autumn after mixing; similarly 
reproduction was triggered by the arrival of warm 
surface waters. Cold, deep lakes such as the north 
basin of Windermere are simply too cold to main- 
tain a large, breeding, oligochaete community. The 
most successful species in this location is Spiro- 
sperma ferox. It would be of value to determine 
whether the temperature responses of this species 
allow it to more successfully exploit cooler habi- 
tats. Third, is the periodic absence of dissolved 
oxygen which has two effects. It restricts some 
species absolutely, for example, I. templetoni, and 
it prevents both growth and reproductive activity 
in otherwise suitable periods in the summer when 
temperatures are relatively high. This is the case in 
Esthwaite and probably Blelham. (Lantz-PTT) 
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DYNAMICS OF AQUATIC HYPHOMYCETES 
IN AN EASTERN MOROCCAN STREAM. 
Mohamed-1 Univ., Oujda (Morocco). Dept. de 
Biologie. 

H. Chergui. 

Archiv fuer Hydrobiologie AHYBA4, Vol. 118, 
No. 3, p 341-352, May 1990. 3 fig, 2 tab, 67 ref. 
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Spores. 


Three stations were investigated in Oued Zeghzel, 
Morocco, for the occurrence and density of spores 
of aquatic Hyphomycetes in foam, on dead leaves 
and on decaying wood fragments. assessments 
were made by direct observation and culture. A 
total number of 18 species was found in Oued 
zeghzel during the 9 months of the study. Among 
these, Alatospora acuminata, Anguillospora longis- 
sima, Lemonniera aquatica and Tetracladium mar- 
chalianum occurred most frequently. They were 
present throughout the year and in most samples. 
Foam contained more species than leaves or wood 
at all three stations. There were also clear differ- 
ences in species numbers between both mountain 
streams and the Lower zeghzel. Analysis of vari- 
ance shows that this difference is highly significant 
(P <0.01). Total numbers were 16, 15 and 10 in 
the Southwestern Branch, Oued Ferrouj and the 
Lower Zeghzel, respectively. The monthly vari- 
ations in species composition are also highly signif- 
icant (ANOVA, P < 0.01). The number of species 
is greater in November and April, and smaller in 
winter and in July. After low spore densities in 
October, two peaks occur in November and April 
for Alatospora acuminata and Anguillospora lon- 
gissima. In winter, between these peaks, the spores 
nearly disappear. In contrast, spores of Lemon- 
niera aquatica and Tetracladium marchalianum 
only peak in November and remain at intermediate 
densities thereafter. The variations seem to be 
smallest in this last species. No distinct seasonal 
peaks occur in the Lower Zeghzel, where densities 
are much lower. (Lantz-PTT) 
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IMPORTANCE OF CLIMATIC CONDITIONS 
FOR THE STRUCTURE OF MOLLUSC COM- 
MUNITIES IN EUROPEAN LAKES (IMPOR- 
TANCE DES CONDITIONS CLIMATIQUES 
DANS LA DIFFERENCIATION DES PEUPLE- 


WATER CYCLE—Field 2 
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MENTS MALACOLOGIQUES DE LACS EURO- 
PEENS). 

Centre National du Machinisme Agricole, du 
Genie Rural, des Eaux et des Forets, Lyon 
(France). 

J. Mouthon. 

Archiv fuer Hydrobiologie AHYBA4, Vol. 118, 
No. 3, p 353-370, May 1990. 4 fig, 3 tab, 32 ref. 
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ature. 


The freshwater Mollusca population of 43 europe- 
an lakes were analyzed for their species composi- 
tion and distribution. Factorial correspondence 
analysis shows the predominance of the first factor 
(28.7% of the information). This factor separates 
the stations into those with a high species richness 
(littoral zones of medium to low altitude lakes) and 
those with fewer species (littoral zone of mountain 
lakes and profundal zones of all lakes). The second 
factor (10.9% of the information) is mainly charac- 
terized by an opposition between the littoral zones 
of three lakes (Bourget, Leman, Vortsjarv) and 
those of other lakes. Five groups of species are 
separated by the first two factors. The altitude, 
latitude and depth seem to play the same role in 
the distribution of Mollusca. It is suggested that 
the temperature (and climatic conditions) plays a 
major role in distribution of the species. This has 
also been demonstrated in running water. (Au- 
thor’s abstract) 
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HYDROLOGICAL REGIME OF LAKES IN 
THE MACKENZIE DELTA, NORTHWEST 
TERRITORIES, CANADA. 

National Hydrology Research Inst., Saskatoon 
(Saskatchewan). 

S. C. Bigras. 

Arctic and Alpine Research ATLPAV, Vol. 22, 
No. 2, p 163-174, May 1990. 4 fig, 4 tab, 27 ref. 
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The information collected between 1981 and 1985 
on the hydrological regime of various lakes located 
in three regions along the eastern section of the 
Mackenzie River Delta, Northwest Territories, are 
consolidated and interpreted. Information is pre- 
sented un the frequency, duration, and spatial pat- 
tern of spring flooding, as well as on the hydrolog- 
ic processes and mechanisms which control lake 
levels from break-up to freeze-up. This information 
is used to interpret the hydrological regime of 
three lake types found in the delta with respect to 
spring flood recharge, rapid spring drainage, and 
summer lake evaporation. Two characteristics are 
shared by all the lakes: (1) the spring flood is the 
dominant hydrologic event; and (2) evaporation is 
greater than summer precipitation and is similar to 
or greater in amount than annual precipitation. 
Each lake type also has its own particular combi- 
nation of processes and mechanisms which control 
the water level. Some lakes, however, are more 
sensitive to summer evaporation losses than others, 
causing them to have a negative annual water 
balance until flooding occurs. (Author’s abstract) 
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ANALYSIS OF SURFACE CHLOROPHYLL A 
DISTRIBUTION AND SATELLITE DATA IN 
OMURA BAY. 

S. Wouthuyzen, and S. Iizuka. 

Bulletin of the Faculty of Fisheries Nagasaki Uni- 
versity, Vol. 67, p 51-73, March 1990. 11 fig, 2 tab, 
47 ref, append. 
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Field 2—WATER CYCLE 


Group 2H—Lakes 


Nearly simultaneous acquisitions of surface chloro- 
phyll a concentration for 48 sampling sites were 
acquired from a boat and Landsat-5 TM, MSS and 
MOS-1 MESSR digital count (DC) extraction in 
the visible and near infrared wave lengths, in 
Omura Bay, Japan. Twenty-two sets of sea truth 
data were collected for 14 months, from October 
1987 until December 1988, among which Landsat- 
5 data were available with four sets and MOS-1 
data with one set. The concentration of chloro- 
phyll a was higher in the southeast part of the bay, 
including Tsumizu Bay and low in some areas of 
the middle bay. Linear regressions between chloro- 
phyll a and DC of TM, MSS and MESSR were 
developed for all stations, stations in the middle 
bay and stations in the southeast part. The correla- 
tion coefficients were higher for stations in the 
southeast part, but lower both for all stations and 
stations in the middle bay. All four dates of TM 
data which represent two seasons (autumn and 
spring) were grouped together. By applying a 
simple atmospheric correction procedure, a high 
relationship for each season was obtained between 
chlorophyll a and DC ratio (TM 2)/(TM 1). (Au- 
thor’s abstract) 
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GROWTH, BIOMASS, MORTALITY, PRODUC- 
TION AND POTENTIAL YIELD OF THE 
WEST AFRICAN CLAM, EGERIA RADIATA 
(LAMARCK) (LAMELLIBRANCHIA, DONACTI- 
DAE) IN THE CROSS RIVER SYSTEM, 
NIGERA. 

Cross River State Univ., Uyo (Nigeria). Dept. of 
Zoology and Fisheries. 

B. S. Moses. 

Hydrobiologia HYDRB8, Vol. 196, No. 1, p 1-15, 
May 1990. 7 fig, 6 tab, 30 ref. 
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ductivity, Regulations. 


An important fishery for the West African hemi- 
estuarine clam, Egeria radiata exists in the lower 
reaches of the Cross River (CR) system. The stock 
is heavily exploited but its productivity and poten- 
tial yield have not been studied. Growth within the 
fishery was exponential and conformed to the von 
Bertalanffy’s growth model (VBGM). The instan- 
taneous total mortality coefficient (Z) by the catch 
curve method was 0.82/yr; natural mortality coef- 
ficient (M) was estimated at 0.32/yr. Total mean 
biomass computed from data obtained in two 
month’s grab sample surveys in the area of occur- 
rence of E. radiata was 1923 kg/ha for total (ie. 
flesh + shell) and 628 kg/ha for flesh (i.e. shell- 
free) production units. The production-to-mean- 
biomass (or P/B ratio, R’) were 0.31 and 0.52 for 
total and shell-free production units, respectively. 
The maximum sustainable yield (Y-max) was esti- 
mated at 398.4 kg/ha for total and 112.2 kg/ha for 
shell-free production units. With an exploitation 
ratio (E) of 0.61 and an estimated present catch 
rate of 1970 ton(t)/yr total weight (or about 82% 
of Y-max) the Egeria stock of the CR is currently 
being fished above the level of its optimum yield. 
Much of the fishing pressure is on the very young 
clams, thus lowering the age at first capture to 1 
year. This is an unhealthy situation for a species 
with limited area of distribution and low (<1.0)P/ 
B ratio; it can lead to rapid extinction of the stock 
if for some reason there is a substantial reduction in 
annual recruitment. It is recommended that in 
order to conserve this valuable resource and keep 
it at a level of sustained optimum yield, there 
should be a regulation prohibiting the landing of 
young clams (<6.0 cm shell length). Furthermore 
the fishermen should learn to cultivate the animal 
by transplanting the young clams to new beds 
upstream to give them time to grow larger before 
harvesting. (Lantz-PTT) 
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BIOMASS AND PHOTOSYNTHESIS OF SIZE- 
FRACTIONATED PHYTOPLANKTON IN CA- 
NADIAN SHIELD LAKES. 

Montreal Univ. (Quebec). Dept. of Biological Sci- 
ences. 

M. Lafond, B. Pinel-Alloul, and P. Ross. 


Hydrobiologia HYDRB8, Vol. 196, No. 1, p 25-38, 
May 1990. 3 fig, 6 tab, 59 ref. 
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Both in situ primary production and biomass (chlo- 
rophyll a) of fractionated phytoplankton (<64 mi- 
crometers, <25 micrometers and <10 microme- 
ters) were studied in 10 Canadian Shield lakes to 
elucidate the spatial and temporal variability of the 
contribution of size fractions to the biomass and 
primary production of the phytoplankton commu- 
nity. Mean summer biomass and production of 
each size fraction varied significantly between 
lakes. Within lakes, temporal variation was low for 
biomass but great for production. However, tem- 
poral variation can be considered of minor impor- 
tance during the sampling period, as compared to 
the spatial variation between lakes. Algae from the 
<10 micrometer size fraction were the most im- 
portant in biomass (41-65%) and production (23- 
69%). The temporal trends for both phytoplankton 
variables thus generally followed closely that of 
the <10 micrometers size fraction. Among the 
physical, chemical and morphometric variables of 
the studied lakes, water transparency (Secchi disk), 
total phosphorus, lake volume, lake area, and mean 
depth gave the best correlations with phytoplank- 
ton variables. (Author’s abstract) 
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DYNAMICS OF ESTUARINE MACROPHYTES 
IN RELATION TO FLOOD/SILTATION 
CYCLES. 

Port Elizabeth Univ. (South Africa). Dept. of 
Botany. 

For primary bibliographic entry see Field 2L. 
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STUDIES ON THE EARTHY-MUSTY ODOURS 
IN NATURAL WATER: IV. MECHANISM OF 
EARTHY-MUSTY ODOUR PRODUCTION OF 
ACTINOMYCETES. 

Aichi Prefectural Inst. of Public Health, Nagoya 
(Japan). 

For primary bibliographic entry see Field 5F. 
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INTERRELATIONSHIPS OF RACES OF LAKE 

SEVAN TROUT, SALMO ISCHCHAN, BEFORE 

AND AFTER REGULATION OF THE DIS- 

CHARGE OF THE LAKE (AS INDICATED BY 

MORPHOMETRIC CHARACTERS). 

Biological Faculty, Moscow University, Moscow, 
R. 


For primary bibliographic entry see Field 81. 
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HIGH PERFORMANCE LIQUID CHROMA- 
TOGRAPHY DETECTION OF PHOTOTRO- 
PHIC BACTERIAL PIGMENTS IN AQUATIC 
ENVIRONMENTS. 

Kinneret Limnological Lab., Tiberias (Israel). 

Y. Z. Yacobi, W. Eckert, H. G. Truper, and T. 
Berman. 

Microbial Ecology MCBEBU, Vol. 19, No. 2, p 
127-136, 1990. 5 fig, 2 tab, 17 ref. 
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Pigment extracts of phototrophic bacteria isolated 
from Lake Kinneret (Rhodopseudomonas palustris, 
Thiocapsa roseopersicina, Prosthecochloris aea- 
tuaris and Chlorobium phaeobacteroides) were 
studied by means of high performance liquid chro- 
matography. An absorption wavelength of 360 nm 
provided the best resolution among the pigments 
of the species tested, and between them and chlo- 
rophyll a. Signature pigments were identified for 
each of these species, and their presence was moni- 
tored in lake water samples. C. phaeobacteroides, 


which was observed in the anaerobic hypolimnion 
and predominated in the metalimnion, was recog- 
nized by a characteristic cluster of major chloro- 
phylious pigment peaks. The spectral qualities of 
these pigments were close but not identical to 
published data on bacteriochlorophyll e, presum- 
ably due to the use of different solvents for extrac- 
tion. The intensity of these pigment peaks was 
employed to determine the depth of the greatest 
phototrophic bacterial biomass, which was not re- 
lated to that of algae. (Author’s abstract) 
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SENSITIVE CHROMATOGRAPHIC METHOD 
FOR THE DETECTION OF PYRUVYL 
GROUPS IN MICROBIAL POLYMERS FROM 
SEDIMENTS. 

California State Univ., Long Beach. Dept. of 
Microbiology. 

J. J. Smith, E. J. Quintero, and G. G. Geesey. 
Microbial Ecology MCBEBU, Vol. 19, No. 2, p 
137-147, 1990. 6 fig, 1 tab, 34 ref. NSF grants 
ECE-8701462 and CSI-8650736. 
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Biochemistry, Bottom sediments, Polymers. 


A method was developed for the quantitation of 
pyruvyl groups in microbial polymers using mild 
acid hydrolysis, o-phenylenediamine labeling, re- 
versed-phase high-performance liquid chromatog- 
raphy and fluorescence detection. The method was 
used to determine the pyruvate content of various 
microbial exopolysaccharides and to estimate the 
abundance of polymeric pyruvate in freshwater 
sediments. The results of this method were com- 
pared with those of several other pyruvate assays. 
The detection limit of the method was 1.6 nmol 
pyruvate. As little as 3.7 micrograms of the bacte- 
rial polysaccharide xanthan gum, or from 5 to 22 
mg of sediment (depending on polymeric pyruvate 
content), were needed for detection and quantita- 
tion of polymeric pyruvate. The results should be 
useful in determining the contribution of polymeric 
pyruvate to total metal-binding ligands in sedi- 
ments. (Author’s abstract) 
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DYNAMIC INTERACTIONS OF PSEUDO- 
MONAS AERUGINOSA AND BACTERIO- 
PHAGES IN LAKE WATER. 

Tennessee Univ., Knoxville. Dept. of Microbiolo- 
gy. 

O. A. Ogunseitan, G. S. Sayler, and R. V. Miller. 
Microbial Ecology MCBEBU, Vol. 19, No. 2, p 
171-185, 1990. 7 fig, 3 tab, 37 ref. EPA Coopera- 
tive agreements CR815234 and CR12494. 
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biological studies. 


The persistence and interaction between newly 
isolated strains of Pseudomonas aeruginosa and 
resident bacteriophages indigenous to a freshwater 
environment was monitored over 45 days in lake 
water microcosms. The interaction between sus- 
ceptible and resistant bacteria with pure phage 
(UT1) particles or a mixed phage population (M1) 
was investigated by following temporal changes in 
host density, phage-to-bacteria ratio, and the ap- 
pearance of apparent prophage carriers within the 
host population. Decay rates of the phage (UT1) 
ranged from 0.054/h in natural water to 0.027/h in 
filtered lake water. About 45% of sensitive bacte- 
ria incubated with phase UT1 were pseudolyso- 
genic within 12 hours of incubation in natural lake 
water. This process was delayed until 72 hours in 
the sterile lake water control, suggesting that host- 
phage interaction is promoted in the presence of a 
viable natural microbial community. Phage UT1 
appeared to stabilize the density of host bacteria in 
lake water at a level of 10,000 colony-forming 
units/ml. Bacterial coexistence with the mixed 
phage (M1) population resulted in an oscillating 
equilibrium with the PBR, stabilizing at about 3. 





The presence of extraneous homoimmune phages 
appeared to be detrimental to the stability of the 
pseudolysogens, which were maintained at a lower 
population density than prophage-free cells in lake 
water containing the mixed phage (M1) popula- 
tion. (Author’s abstract) 

W90-10303 


GROWTH CHARACTERISTICS OF PLAGIO- 
SELMIS SP. (STRAIN 87) CAUSING FRESH- 
WATER RED TIDE IN THE LOWER PART OF 
THE NAKASUJI RIVER, JAPAN (IN JAPA- 


NESE). 

Kochi Univ. (Japan). Faculty of Agriculture. 

T. Nishijima, Y. Hata, and N. Hashimoto. 

Nippon Suisan Gakkaishi (Bulletin of the Japanese 
Society of Scientific Fisheries) NSUGAF, Vol. 56, 
3 2, p 353-359, February 1990. 3 fig, 11 tab, 7 
ref. 
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mins. 


Freshwater red tides by Plagioselmis sp., a Crypto- 
phyceae, frequently occur in the lower part of the 
Nakasuji River during the cold seasons. Growth 
characteristics of Plagioselmis sp. (strain 87) isolat- 
ed from the river water in 1987 indicate that the 
optimum temperature and light intensity for 
growth is 10-25 C and 1000-14,000 Ix in waters that 
are neutral and lower alkaline pH (7-9.5), and have 
low salinity (0-3.4 ppt). The amounts of nitrate, 
phosphate, and vitamin B12 required to maximize 
both growth rate and cell yields were 5 mg N/L, 
0.15 mg P/L, and 50 ng/L, respectively. The half- 
saturation constants of nitrate, phosphate, and vita- 
min B12 based on the growth rate were estimated 
to be 0.15 mg N/L, 0.0078 mg P/L, and 2.3 ng/L, 
respectively. The minimum cell quotas of N, P, 
and vitamin B12 were 0.015 ng N/cell, 0.00055 ng 
P/cell, and 0.00025 pg/cell. Phosphate concentra- 
tions, but not nitrogen and vitamin B12 concentra- 
tions, in the Nakasuji River water almost reached 
the level where the growth rate of the algae is 
maximized. Growth potential in the water was 
estimated to be > 6000 cells/ml from the quotients 
of those nutrient concentrations divided by each 
minimum cell quota of the alga. These results 
suggest that the water of the Nakasuji River has 
the potential of growing enough algae for the 
abundance of red tide during the cold seasons. 
(Author’s abstract) 
10304 


WETLANDS. 

Commonwealth Engineering and Technology, 
Inc., Harrisburg, PA. 

W. D. DelGrande. 

Water Pollution Control Association of Pennsylva- 
= Magazine, Vol. 23, No. 3, p 22-26, May/June 
1990. 
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control. 


A variety of rules and regulations to protect wet- 
lands have been proposed in addition to the exist- 
ing regulatory guidelines, representing a potential 
learning challenge to those responsible for design- 
ing and planning construction or expansion of 
wastewater treatment facilities. These facilities are 
affected due their close proximity to receiving 
waters, locations where wetlands are usually abun- 
dant. In Pennsylvania, wetland issues pertaining to 
wastewater treatment are handled by the Pennsyl- 
vania Department of Resources and U.S. Army 
Corps of Engineers and are federally regulated by 
Section 404 of the Clean Water Act. Construction 
of or expansion of wastewater treatment facilities 
provides a desirable environmental quality im- 
provement, providing the wetland issues have been 
addressed. Preliminary planning guidelines include 
(1) identification of euvironmental and wetland 


issues; (2) wetland delineation, evaluation, and 
classification; (3) project alternatives analysis (pre- 
vention or minimization of wetland impact); (4) 
applications for permit; and (5) mitigation (the 
replacement of natural wetlands with man-made 
wetlands). It appears that 1990 may see the passage 
of additional wetlands rules and regulations as well 
as the amending of existing regulations. How this 
will effect the future construction or expansion of 
wastewater treatment facilities will remain to be 
seen but it is likely that permitting processes, eval- 
uation and mitigation procedures will be come 
more time-consuming and costly. (Dublin-PTT) 
W90-10332 


MITIGATION OF WETLAND IMPACTS. 
For primary bibliographic entry see Field 5G. 
W90-10333 


MODELLING WATER LEVELS FOR A LAKE 
IN THE MACKENZIE DELTA. 

National Hydrology Research Inst., Ottawa (On- 
tario). 

P. Marsh. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
por Bethesda, Maryland. 1986. p 23-29, 3 fig, 
15 ref. 
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A detailed hydrologic study of a perched lake in 
the MacKenzie Delta was carried out during the 
summer of 1985. The hydrologic regime of this 
lake may be divided into three distinct periods: 
flooding, discharge and evaporation. Over the 
summer of 1985 the lake experienced a small nega- 
tive water balance. However if the lake was not 
flooded, it would have experienced a severe nega- 
tive balance since evaporation exceeded precipita- 
tion. This type of lake is probably dependent on 
flooding to keep water levels at the present level. 
A simulation model, which accurately predicted 
water level over the summer season could be used 
to predict the flooding frequency required to main- 
tain lake levels. (See also W90-10434) (Author’s 
abstract) 
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SHORT-WAVE HEATING OF LAKE SURFACE 
WATER UNDER A CANDLED ICE COVER. 
Alaska Univ., Fairbanks. Geophysical Inst. 

For primary bibliographic entry see Field 2C. 
W90-10438 


HYDROTHERMAL MODELING OF RESER- 

VOIRS IN COLD REGIONS: STATUS AND RE- 

SEARCH NEEDS. 

Massachusetts Inst. of Tech., Cambridge. Ralph M. 

Parsons Lab. 

D. R. Harleman. 

IN: Proceedings of the Symposium: Cold Regions 

Hycrology. University of Alaska-Fairbanks, Fair- 

banks, Alaska. American Water Resources Asso- 

yaaa Bethesda, Maryland. 1986. p 39-50, 3 fig, 
ref. 
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Landsat imagery, Polar regions, Radar, Radio- 
metry, Remote sensing, Satellite technology, 
Water quality. 


Dynamics and thermodynamics of ice cover for- 
mation and decay, wind stress with weak stratifica- 
tion and wind stress attenuation due to ice forma- 
tion, suspended sediment effects, along with local 
mixing and water quality effects are all reviewed in 
this review of mathematical models for the predic- 
tion of the thermal structure and water quality of 
reservoirs in cold climates . A number of one- 
dimensional reservoir models have been modified 
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to include cold region effects. In most instances the 
applications have been limited to temperate region 
lakes and reservoirs in which ice cover is a second- 
ary effect of relatively short duration. It is clear 
that much additional research is needed for the 
prediction of temperature and water effects in high 
latitude regions in which ice cover is the dominant 
effect. In this respect, the most pressing need is for 
field data. Theoretical advances necessary to im- 
prove mathematical modeling will continue to be 
limited by the sparsity of cold region lake and 
reservoir data. A significant data collection re- 
source that does not appear to have been adequate- 
ly utilized is that of satellite observations. Remote 
sensing techniques that are directly applicable to 
observations of ice have been widely used in 
oceanographic studies of the polar ice regions. The 
techniques include Landsat visible light scanners 
(VISSR) and radio-frequency radiation signals. 
Radio-frequency radiation signals detect open 
water surface temperatures to an accuracy of 1 C; 
areal ice-open water concentrations; and distinc- 
tions between first year and multi-year ice. Syn- 
thetic-aperture radars accurately map reflective 
changes over areas 50 to 100 km on a side with 
resolution of 10-40 m. (See also W90-10434) 
(Lantz-PTT) 
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HYDROLOGICAL AND ECOLOGICAL PROC- 
ESSES IN A COLORADO, ROCKY MOUNTAIN 
WETLAND: CASE STUDY. 

Terra Therma, Inc., Denver, CO. 

For primary bibliographic entry see Field 6G. 
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ROLE OF SNOWCOVER ON DIURNAL NI- 

TRATE CONCENTRATION PATTERNS IN 

STREAMFLOW FROM A FORESTED WATER- 

= IN THE SIERRA NEVADA, NEVADA, 
A. 

Washington Univ., Seattle. Coll. of Forest Re- 

sources. 

For primary bibliographic entry see Field 2K. 
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RESERVOIR WATER QUALITY SIMULATION 
IN COLD REGIONS. 

Harza Engineering Co., Chicago, IL. 

For primary bibliographic entry see Field 5A. 
W90-10453 


TROPHIC LEVEL RESPONSES TO GLACIAL 
MELTWATER INTRUSION IN ALASKAN 
LAKES, 


Alaska Dept. of Fish and Game, Juneau. FRED 
Di 


iv. 

J. P. Koenings, R. D. Burkett, G. B. Kyle, J. A. 
Edmundson, and J. M. Edmundson. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 179-194, 8 fig, 
2 tab, 64 ref. 
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Many large lakes and river systems in Alaska are 
influenced by meltwater intrusion from glaciers 
and/or snow packs. Occluded within the ice or 
snow are sediments ranging in size from sediments 
to colloids. Colloidal sized particles are in large 
part responsible for the turbid nature of lakes. 
Turbidity, caused by inorganic particles, initiates 
significant impacts on aquatic production, begin- 
ning with effects on temperature regimes, light 
profiles and nutrient inputs. Specifically, glacial 
lakes with turbidity levels above 5 NTU are char- 
acterized by seasonally elevated phosphorous 
levels, but lowered areal primary production, re- 
duced zooplankter densities, a restricted diversity 
within the macrozooplankton community, and 
lowered fish yields. In addition, because glacial 
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lakes exhibit characteristics unique from clear 
water systems many of the cause/effect models 
derived for such lakes (e.g. phosphorous input 
versus chlorophyll a) response must be corrected 
for light restriction and for forms of non-biologi- 
cally available phosphorus prior to application on 
turbid systems. Finally, as both reduced zooplank- 
ton production and fish yield are tied to increased 
turbidity, a compressed euphotic zone needs con- 
sideration as a negative modifier of areal fish pro- 
duction estimates from glacial lakes. (See also 
W90- 10434) (Author’s abstract) 

W90-10454 


DEEP-LYING CHLOROPHYLL MAXIMA AT 
BIG LAKE: IMPLICATIONS FOR TROPHIC 
STATE CLASSIFICATION OF ALASKAN 
LAKES. 

Geological Survey, Anchorage, AK. 

P. F. Woods. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 195-200, 3 fig, 
1 tab, 11 ref. 
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Concerns over potential eutrophication of Big 
Lake, Alaska have arisen because the lake’s shore- 
line is extensively developed with residences, most 
of which have individual, on site septic systems. 
Such concerns led to a study of the lake’s physical, 
chemical and biological characteristics during 
1983-1984. The range in concentration from 418 
chlorophyll-a samples was 0.05 to 46.5 micro- 
grams/L. The east limnological station had signifi- 
cantly higher chlorophyll-a concentrations in both 
years. The highest concentrations during each year 
at each station occurred in deep-lying chlorophyll 
maxima within the hypolimnion. Time-depth plots 
of chlorophyll-a were used to illustrate the influ- 
ence of sampling design on the calculation of the 
lake’s mean chlorophyll-a concentration. Three 
sampling designs that ranged from Reconnais- 
sance-level to in vivo flourometric ranging from 
1.16 to 4.96 micrograms/L. The largest mean con- 
centrations were calculated from samples collected 
throughout the euphotic zone; the other two sam- 
pling designs were restricted to the epilimnion and 
therefore failed to sample the deep-lying chloro- 
phyll maxima. (See also W90-10434) (Author’s ab- 
stract) 
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PRIMARY PRODUCTION, CHLOROPHYLL, 
AND NUTRIENTS IN HORSESHOE LAKE, 
POINT MACKENZIE, ALASKA. 

Geological Survey, Anchorage, AK. 

P. F. Woods, and T. G. Rowe. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 213-220, 6 fig, 
6 tab, 16 ref. 
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A limnological study of Horseshoe Lake, Alaska, 
was started in 1985 to determine the relationship 
between nutrients and primary production in the 
64.8 sq ha lake prior to and after any influx of dairy 
wastes produced by the nearby Point MacKenzie 
Agricultural Project. Results are documented from 
data collected from June through September 1985 
at Horseshoe Lake’s east arm. This is the part of 
the lake nearest the agricultural project. Concen- 
trations of total phosphorous, dissolved inorganic 
nitrogen, and chlorophyll-a were characteristic of 
oligotrophic lakes as was integral primary produc- 
tion, which ranged from 44.2 to 104.5 mg C/sq m/ 
day. The ratio of dissolved inorganic nitrogen and 
dissolved orthophosphorus indicated that phyto- 


plankton growth was limited by nitrogen, not 
phosphorous. Concentrations of dissolved chlo- 
ride, instead of nitrate are used as the primary 
tracer of dairy wastes because the nitrogen budget 
of Horseshoe Lake may be augmented by nitrogen 
fixed by the dense stands of alder trees that occupy 
the lake’s 7.5 km shoreline. (See also W90-10434) 
(Author’s abstract) 
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THAWING OF GROUND FROST ON A 
DRAINED AND UNDRAINED BOREAL WET- 
LAND SITE. 

Alberta Univ., Edmonton. Dept. of Forest Science. 
For primary bibliographic entry see Field 2C. 
W90-10459 


SUSPENDED SEDIMENT BUDGET OF A GLA- 
CIER-FED LAKE - EKLUTNA LAKE, ALASKA. 
R and M Consultants, Inc., Anchorage, AK. 

For primary bibliographic entry see Field 2J. 
W90-10489 
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MANAGEMENT AND DEVELOPMENT OF 
AQUATIC HABITAT IN AGRICULTURAL 
DRAINAGE SYSTEMS. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 6G. 
W90-09556 


PLANT WATER RELATIONS AND IRRIGA- 
TION MANAGEMENT. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Lab. for Rural 
Research. 

For primary bibliographic entry see Field 3F. 
W90-09566 


IMPORTANCE OF IRRIGATION REGIME, 
DRIPLINE PLACEMENT AND ROW SPACING 
IN THE DRIP IRRIGATION OF SUGAR CANE. 
Institute of Hydrology, Wallingford (England). 
For primary bibliographic entry see Field 3F. 
W90-09567 


PLANT-WATER RELATIONS OF SUGAR- 
CANE (SACCHARUM OFFICINARUM LL.) 
UNDER A RANGE OF IRRIGATED TREAT- 
MENTS. 

Institute of Hydrology, Wallingford (England). 

J. Roberts, R. A. Nayamuth, C. H. Batchelor, and 
G. C. Soopramanien. 

Agricultural Water Management AWMADF, Vol. 
17, No. 1/3, p 95-115, January 1990. 8 fig, 3 tab, 33 
ref. 
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Studies carried out in the dry north of Mauritius 
examined the plant-water relationships of sugar- 
cane receiving varying amounts of water supplied 
by drip irrigation. Irrigation supply was based on a 
Penman potential requirement modified with a 
crop factor appropriate to sugar-cane (ETc). Four 
treatments were compared, 1.5, 1.0 or 0.5 ETc as 
well as a rainfed treatment. Measurements were 
made of leaf water potential and its components, 
osmotic potential and turgor potential. Net photo- 
synthesis, stomatal conductance and leaf or total 
extension growth were measured throughout sev- 
eral days in November and December 1986 and 
1987. Leaf water potential was very close to zero 
in all irrigated treatments before dawn and only in 
rain-fed treatments was it significantly lower. 
During daylight periods differences emerged be- 
tween irrigated treatments. Leaf water potential 
fell to as low as -1.7 to 1.8 MPa in rain-fed cane in 


dry periods and at this point photosynthesis, sto- 
matal conductance and leaf extension growth were 
very low. Intermediate rates of photosynthesis, 
stomatal conductance and growth were observed 
in cane receiving 0.5 ETc. The two highest irriga- 
tion treatments were usually similar both in water 
relations, growth and gas exchange but occasional- 
ly the 1.5 ETc treatment had a slightly lower 
water potential and the physiological variables also 
had lower rates. This was probably caused by 
temporary waterlogging and poor soil aeration. In 
two studies of the development of water stress, leaf 
extension rates were much more sensitive to stress 
than photosynthesis or stomatal conductance. The 
best index of a requirement for water was therefore 
the depression of daytime leaf extension, which 
would even fall in well-irrigated treatments under 
high evaporative demand conditions. Recovery 
from water stress was quite rapid with photosyn- 
thesis, stomatal conductance and leaf growth re- 
covering in a few days to rates which often ex- 
ceeded those of unstressed cane. (Author’s ab- 
stract) 
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TOLERANCE OF SUGARCANE TO WATER 
STRESS DURING ITS MAIN DEVELOPMENT 
PHASES. 

Inyoni Yami Swaziland Irrigation Scheme, P.O. 
Box 1, Tshaneni, Swaziland. 

For primary bibliographic entry see Field 3F. 
W90-09569 


IRRIGATION RESEARCH, DEVELOPMENT 
AND PRACTICE IN MAURITIUS. 

Sugar Industry Research Inst., Reduit (Mauritius). 
For primary bibliographic entry see Field 3F. 
W90-09570 


TROPICALISATION OF AUTOMATIC 
WEATHER STATIONS AND INITIAL RE- 
SULTS FOR IMPROVED IRRIGATION 
WATER MANAGEMENT IN _ REUNION 
ISLAND. 

Institut de Recherches Agronomiques Tropicales 
et des Cultures Vivrieres, St.-Denis (Reunion). 

For primary bibliographic entry see Field 3F. 
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SOIL PHYSICS AND IRRIGATION: TAPPING 
THE POTENTIAL FOR DRIP. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Dryland 
Crops and Soils Research Program. 

For primary bibliographic entry see Field 3F. 
W90-09573 


SOIL WATER STATUS: A CONCEPT FOR 
CHARACTERISING SOIL WATER CONDI- 
TIONS BENEATH A DRIP IRRIGATED ROW 
CROP. 

Institute of Hydrology, Wallingford (England). 
For primary bibliographic entry see Field 3F. 
W90-09574 


CONTROL OF DRIP IRRIGATION OF SUGAR- 
CANE USING ‘INDEX’ TENSIOMETERS: 
SOME COMPARISONS WITH CONTROL BY 
THE WATER BUDGET METHOD. 

Institute of Hydrology, Wallingford (England). 
For primary bibliographic entry see Field 3F. 
W90-09575 


RESOURCE USE IN INTERCROPPING SYS- 
TEMS. 
University of East Anglia, Norwich (England). 
School of Development Studies. 

For primary bibliographic entry see Field 3F. 
W90-09576 


RESPONSE OF SELECTED LEGUME COM- 
PANION CROPS TO IRRIGATION FREQUEN- 


CIES. 
Sri Lanka Univ., Peradeniya. Faculty of Agricul- 





ture. 
For primary bibliographic entry see Field 3F. 
W90-09577 


ASSESSMENT OF DRIP IRRIGATION OF 
SUGAR CANE ON POORLY STRUCTURED 
SOILS IN SWAZILAND. 

Royal Swaziland Sugar Corp., Simunye. 

For primary bibliographic entry see Field 3F. 
W90-09584 


COTTON MANAGEMENT STRATEGIES FOR 
A SHORT GROWING SEASON ENVIRON- 
MENT: WATER-NITROGEN CONSIDER- 
ATIONS. 

Texas Tech Univ., Lubbock. Dept. of Agronomy, 
Horticulture, and Entomology. 

For primary bibliographic entry see Field 3F. 
W90-09585 


WATER DEFICIT DEVELOPMENT IN OLD 
AND NEW SOYBEAN CULTIVARS. 

Illinois Univ., Urbana. Dept. of Agronomy. 

For primary bibliographic entry see Field 3F. 
W90-09586 


SOIL WATER BALANCE AND DRY MATTER 
PRODUCTION MODEL: I. SOIL WATER BAL- 
ANCE OF OAT. 

Institute of Hydrology, Wallingford (England). 


For primary bibliographic entry see Field 2G. 
W90-09588 


RESPONSE OF WINTER WHEAT TO N AND 
WATER: GROWTH, WATER USE, YIELD AND 
GRAIN PROTEIN. 

Saskatchewan Univ., Saskatoon. Crop Develop- 
ment Centre. 

For primary bibliographic entry see Field 3F. 
'W90-09602 


EFFECTS OF FLURPRIMIDOL, MEFLUI- 
DIDE, AND SOIL MOISTURE ON ST. AUGUS- 
TINEGRASS EVAPOTRANSPIRATION RATE. 
Texas A and M Univ., College Station. Dept. of 
Soil and Crop Sciences. 

For primary bibliographic entry see Field 3F. 
W90-09605 


PLANT WATER RELATIONS AS AFFECTED 
BY HEAVY METAL STRESS: A REVIEW. 
Barcelona Univ. (Spain). Dept. de Fisiologia Vege- 
tal 


For primary bibliographic entry see Field 5C. 
W90-09608 


THERMAL FLOODING INJURY OF WOODY 
SWAMP SEEDLINGS. 

Savannah River Ecology Lab., Aiken, SC. 

L. A. Donovan, N. J. Stumpff, and K. W. 
McLeod. 

Journal of Thermal Biology JTPIDS, Vol. 14, No. 
3, p 147-154, July 1989. 8 fig, 37 ref. DOE Con- 
tract DE-AC09-76SROO-819. 
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temperature. 


Taxodium distichum (bald cypress) and Nyssa 
aquatica (water tupelo) seedlings were exposed to 
varying combinations of elevated temperature and 
flooding conditions. A hypothesized mechanism of 
the interaction of high temperature and flooding 
was proposed whereby temperatures < 30 C 
(compensation point) represent ambient flooding 
conditions to which woody swamp species are 
adapted. In the range 30-35 C, the compensation 
point is exceeded, depleting carbohydrate reserves 
and causing starvation injury. From 35 C up to 
direct injury temperatures (>45 C), the timing of 
flooding becomes important. When sub-lethal ele- 


vated temperatures occur in the absence of flood- 
ing, plant roots generally have an adequate oxygen 
supply; increasing aerobic root respiration results 
in starvation injury. When elevated temperatures 
occur concurrently with increased water level, 
oxygen may be limiting since substrate oxygen is 
quickly depleted upon soil water-logging. In- 
creased respiration would therefore be predomi- 
nantly anaerobic, resulting in a quicker depletion 
of carbohydrate reserves. The upper threshold of 
thermal tolerance is established by the temperature 
at which direct injury of root membranes occurs. 
If this temperature is reached, the irreversible 
membrane damage will quickly lead to plant death. 
Below this threshold, flooding and high tempera- 
ture damage results from the interaction of acceler- 
ated metabolic rate and reduced oxygen availabil- 
ity. Long-term exposure to flooding at tempera- 
tures below the direct injury threshold may also 
lead to plant damage or death. Damage can be 
reduced if the temperature drops, lowering the 
metabolic rate and restoring the hormonal response 
to flooding, thereby reestablishing oxygen avail- 
ability. (Sand-PTT) 
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MAIZE ROOT DEVELOPMENT UNDER VARI- 
OUS LEVELS OF SALINITY AND WATER DIS- 
TRIBUTION. 

Agriculture and Water Resources Research 
Centre, Baghdad (Iraq). Dept. of Soil Science. 
For primary bibliographic entry see Field 3C. 
W90-09655 


PLANT DENSITY AND NITROGEN FERTILIZ- 
ER ON PEARL MILLET PRODUCTION IN 
NIGER. 

International Fertilizer Development Center, 
Muscle Shoals, AL. West Africa Div. 

For primary bibliographic entry see Field 3F. 
'W90-09718 


IRRIGATION SUBSURFACE RETURN FLOWS 
AND WATER USE IN LYSIMETERS CON- 
TAINING APPLE TREES. 

Agriculture Canada, Summerland (British Colum- 
bia). Research Station. 

For primary bibliographic entry see Field 3F. 
W90-09719 


WATER REQUIREMENT FOR CORN ROOT 
EXPANSION GROWTH. 

Illinois Univ. at Urbana-Champaign. Dept. of Hor- 
ticulture. 

For primary bibliographic entry see Field 3F. 
W90-09722 


EFFECT OF DRIP-LINE PLACEMENT AND 
RESIDUE INCORPORATION ON THE 
GROWTH OF DRIP-IRRIGATED COTTON. 
Hebrew Univ. of Jerusalem, Rehovoth (Israel). 
Faculty of Agriculture. 

For primary bibliographic entry see Field 3F. 
W90-09750 


CANOPY SURFACE CONDUCTANCE OF UN- 
STRESSED WHEAT AND ITS WEATHER DE- 
PENDENCE. 

Orange Free State Univ., Bloemfontein (South 
Africa). 

For primary bibliographic entry see Field 2D. 
W90-09754 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: II. STEM- 
FLOW AND FACTORS AFFECTING STEM- 
FLOW IN A DRY SDEROPHYLL EUCALYPT 
FOREST AND A PINUS RADIATA PLANTA- 
TION. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

R. H. Crockford, and D. P. Richardson. 
Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
145-155, April/May 1990. 2 fig, 6 tab, 13 ref. 
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Descriptors: *Eucalyptus trees, *Forest water- 
sheds, *Pine trees, *Rainfall impact, *Stemflow, 
Australia, Canopy, Hydrologic budget, Leaves, 
Rainfall penetration, Soil-water-plant relationships. 


A seven-year event-based study was performed as 
part of a project established to quantify the hydro- 
logical and associated chemical processes in a rural 
catchment (composed of grasslands, eucalypt 
forest, and pine plantations) in Australia, where the 
rainfall was partitioned into throughfall, stemflow, 
and interception. The stemflow yields of the for- 
ests were quantified, compared, and presented on 
an annual basis for four years. The stemflow yields 
of the pines (as percentage of rainfall) is 2.3 times 
that of the eucalypts, because the pines have fewer 
drip points due to the more vertical trunks, cou- 
pled with less hydrophobic bark. In addition, a 
proportion of pine needles are angled above the 
horizontal and collected water can be channelled 
to the branches. The influence of rain angle on 
stemflow yield may be important in forests with 
relatively small canopy cover, and will also 
depend on tree structure, the exposed area of 
wood, and the surface area of the trunk relative to 
the branches. In selecting trees for assessment of 
stemflow yield, attention should be paid to charac- 
teristics such as leaf shape, and orientation, branch 
angle, bark type, and flow path obstructions (po- 
tential drip points), as well as tree size, crown size, 
and exposure. Stemflow will also be affected by 
other factors such as event evaporative dry gaps, 
antecedent weather conditions, and season (which 
will affect leaf area). (See also W90-09777) (Fish- 


PTT) 
W90-09778 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: III. DETERMI- 
NATION OF THE CANOPY STORAGE CAPAC- 
ITY OF A DRY SDEROPHYLL EUCALYPT 
FOREST. 


Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

R. H. Crockford, and D. P. Richardson. 
Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
157-167, April/May 1990. 4 fig, 7 tab, 11 ref. 


Descriptors: *Canopy, *Eucalyptus trees, *Forest 
watersheds, *Interception, *Leaves, *Storage ca- 
pacity, *Tree bark, Australia, Climatic changes, 
Hydrologic budget, Pine trees, Rainfall-runoff rela- 
tionships, Soil-water-plant relationships, Species 
composition. 


A seven-year event-based study was performed as 
part of a project established to quantify the hydro- 
logical and associated chemical processes in a rural 
catchment (composed of grasslands, eucalypt 
forest, and pine plantations) in Australia, where the 
rainfall was partitioned into throughfall, stemflow, 
and interception. In order to generalize the find- 
ings of this study, the influence of species composi- 
tion on interception loss and canopy storage capac- 
ity had to be assessed. Canopy storage capacity is 
considered to be the maximum amount of water 
that can be held on the external surface of the 
trees. The canopy storage capacity of a dry sdero- 
phyll eucalypt forest was estimated by measuring 
the water holding capacity of all components of a 
range of tree sizes of the three major species, 
together with the surface areas of the structural 
components and leaf. It was concluded that the 
leaf area and water holding capacity of the leaf has 
relatively little influeuce on the canopy storage 
capacity of this forest. The most important contrib- 
uting factor is the wood of the thick fibrous barked 
species E. macrorhyncha. The species composition 
of dry sclerophyll eucalypt forests may be almost 
100% smoothbarks of E. macrorhyncha. The spe- 
cies composition is therefore very important when 
assessing the canopy storage capacity. The influ- 
ence of climatic variation on leaf area and the 
water holding capacity of the bark of E. macror- 
hyncha suggest that the canopy storage capacity 
value of 0.39 mm is unlikely to change much 
except under extreme conditions of drought and 
rainfall. A general finding is that an understanding 
of forest wetting and water storage processes is 
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desirable if canopy storage capacity is to be esti- 
mated. (See also W90-09777) (Fish-PTT) 
W90-09779 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: IV. THE RE- 
LATIONSHIP OF INTERCEPTION AND 
CANOPY STORAGE CAPACITY, THE INTER- 
CEPTION OF THESE FORESTS, AND THE 
EFFECT ON INTERCEPTION OF THINNING 
THE PINE PLANTATION. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

R. H. Crockford, and D. P. Richardson. 
Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
169-188, April/May 1990. 10 fig, 10 tab, 13 ref. 


Descriptors: *Canopy, *Eucalyptus trees, *Evapo- 
ration, *Forest watersheds, *Interception, *Pine 
trees, *Rainfall impact, *Storage capacity, Austra- 
lia, Interception loss, Rainfall-runoff relationships, 
Regression analysis, Soil-water-plant relationships, 
Stemflow, Throughfall. 


A seven-year event-based study was performed as 
part of a project established to quantify the hydro- 
logical and associated chemical processes in a rural 
catchment (composed of grasslands, eucalypt 
forest, and pine plantations) in Australia, where the 
rainfall was partitioned into throughfall, stemflow, 
and interception. The canopy storage capacity/ 
interception interaction for the eucalypt forest was 
assessed by comparing a gravimetric estimate of 
canopy storage capacity with interception. The 
maximum possible value for canopy storage capac- 
ity was found to be a small proportion of intercep- 
tion for events of all sizes. This suggests that 
evaporation of intercepted water during the con- 
tinuous events was responsible for most of the 
interception. This ‘within event’ evaporation ap- 
pears to be responsible also for the net rainfall/ 
gross rainfall estimate of canopy storage capacity 
being four times the gravimetric value. For pines 
the regression estimate was more closely related to 
interception. Interception, throughfall, and stem- 
flow of these forests were measured for four years. 
Overall average interception was 11.4% of precipi- 
tation for the eucalypt forest and 18.3% for the 
pine plantation. The effect of thinning on the 
throughfall, stemflow, and interception in a Pinus 
radiata plantation is such that: throughfall in- 
creased, interception decreased but not in propor- 
tion to the removed biomass; stemflow decreased 
on an area basis, but increased on a per tree basis. 
A positive relationship is established between inter- 
ception and stemflow on the thinned plantation but 
not in the unthinned. The periodic variations in 
interception and errors inherent in its estimation 
suggest that caution should be exercised when 
using average interception figures in water balance 
studies. (See also W90-09777) (Fish-PTT) 

Ww 780 


DROUGHT RESEARCH PRIORITIES FOR 
THE DRYLAND TROPICS. 

For primary bibliographic entry see Field 3F. 
W90-09811 


PRINCIPLES OF CROP USE, DRY MATTER 
PRODUCTION, AND DRY MATTER PARTI- 
TIONING THAT GOVERN CHOICES OF 
CROPS AND SYSTEMS. 
Reading Univ. (England). 
For primary bibliographic entry see Field 3F. 

-098 16 


APPLICATIONS OF, AND LIMITATIONS TO, 
CROP GROWTH SIMULATION MODELS TO 
FIT CROPS AND CROPPING SYSTEMS TO 
SEMI-ARID ENVIRONMENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
For primary bibliogr:phic entry see Field 3F. 
W90-09817 


IDENTIFYING CROPS AND CROPPING SYS- 
TEMS WITH GREATER PRODUCTION STA- 


BILITY IN WATER-DEFICIT ENVIRON- 
MENTS. 


Central Research Inst. for Dryland Agriculture, 
Hyderabad (India). 

For primary bibliographic entry see Field 3F. 
W90-09818 


SELECTING CROPS AND CROPPING SYS- 
TEMS FOR WATER-LIMITED ENVIRON- 
MENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
For primary bibliographic entry see Field 3F. 
W90-09819 


ADAPTATION MECHANISMS OF NONCULTI- 

VATED ARID-ZONE PLANTS: USEFUL LES- 

SONS FOR AGRICULTURE. 

Bayreuth Univ. (Germany, F.R.). Lehrstuhl fuer 

Pflanzenoekologie. 

For primary bibliographic entry see Field 3F. 
09824 


CRITICAL EVALUATION OF THE POSSIBILI- 
TIES FOR MODIFYING CROPS FOR HIGH 
PRODUCTION PER UNIT OF PRECIPITA- 
TION. 

Commonwealth Scientific and Industrial Research 
Organization, St. Lucia (Australia). Div. of Tropi- 
cal Crops and Pastures. 

For primary bibliographic entry see Field 3F. 
W90-09825 


BREEDING FOR IMPROVED PLANT PER- 
FORMANCE IN DROUGHT-PRONE ENVI- 
RONMENTS. 

Commonwealth Scientific and Industrial Research 
Organization, St. Lucia (Australia). Div. of Tropi- 
cal Crops and Pastures. 

For primary bibliographic entry see Field 3F. 
W90-09826 


RAIN FORESTS OF THE OK TEDI HEADWA- 
TERS, NEW GUINEA: AN ECOLOGICAL 
ANALYSIS. 

Queensland Univ., Brisbane (Australia). Dept. of 
Anthropology and Sociology. 

D. C. Hyndman, and J. I. Menzies. 

Journal of Biogeography JBIODN, Vol. 17, No. 3, 
p 241-273, May 1990. 12 fig, 3 tab, 49 ref, 2 append. 


Descriptors: *Ecology, *Ecosystems, *New 
Guinea, *Rain forests, *Rainfall, Areal precipita- 
tion, Biomass, Ecological distribution, Excess rain- 
fall, Headwaters, Local precipitation, Precipita- 
tion, Species composition, Species density. 


The headwaters of the Ok Tedi, Fly and Sepik 
Rivers are located in the middle of the island of 
New Guinea and are populated by the Mountain 
Ok people. The basin of the upper Ok Tedi rises 
from 500 to 2900 m and has been an isolated rain 
forested region of great antiquity. It is the wettest 
region within the southern mid-altitude fringe of 
New Guinea with over 7000 mm of rainfall annual- 
ly. There are four natural vegetation zones of 
which only one, Lower Montane Rain Forest, is 
regularly inhabited and cultivated by people, al- 
though all zones are exploited for natural re- 
sources. The flora and fauna are rich and diverse. 
Heavy rainfall and persistent cloudiness result in 
lower than expected temperatures and high rela- 
tive humidity. The everwet weather, high relative 
humidity and nearly perpetual cloudiness com- 
presses ecological zonation producing extremely 
diversified biota in a comparatively small area with 
high levels of locally endemic species. (Author’s 
abstract) 

W90-10223 


LOTIC VEGETATION DYNAMICS FOLLOW- 
ING DISTURBANCE ALONG THE SWAN AND 
APSLEY RIVERS, TASMANIA, AUSTRALIA. 
Tasmania Univ., Hobart (Australia). Dept. of Ge- 
ography. 

For primary bibliographic entry see Field 2H. 
W90-10224 


TOLERANCE OF CHLORIDE AND SUL- 
PHATE SALINITY IN CHICKPEA (CICER 
ARIETINUM). 

Haryana Agricultural Univ., Hissar (India). Dept. 
of Soils. 

For primary bibliographic entry see Field 3C. 
W90-10331 


2J. Erosion and Sedimentation 


RECONNAISSANCE INVESTIGATION OF 
WATER QUALITY, BOTTOM SEDIMENT, 
AND BIOTA ASSOCIATED WITH IRRIGA- 
TION DRAINAGE IN THE SALTON SEA 
AREA, CALIFORNIA, 1986-87. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 5B. 
W90-09529 


SEDIMENTATION STUDIES ON GANDHISA- 
GAR RESERVOIR. 

Vikram Univ., Ujjain (India). School of Studies in 
Zoology. 

K. S. Rao, K. N. Kartha, and S. Shrivastava. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 4, p 439-444, 1989. 3 fig, 1 
tab, 9 ref. 


Descriptors: *Gandhisagar Reservoir, *Reservoir 
sediments, *Reservoir silting, *Sedimentation, 
*Suspended load, Catchment areas, Chhoti Kali- 
sindh River, India, Reservoir operation, River 
sediments. 


Sedimentation data were collected from 7 gaging 
localities along the Gandhisagar Reservoir catch- 
ment area in India. About 4.3% of the gross capac- 
ity of the reservoir was lost due to accelerated 
sedimentation between 1962 and 1975. Grain size 
analysis shows that the sediment consisted of 
40.80% clay, 51.99% silt, 6.30% sand, and 1.12% 
gravel. Most of the suspended load comes from the 
Chhoti Kalisindh River. The data suggests that 
suitable measures should be taken to divert this 
tributary to prevent the major silt input from the 
catchment. The silt input in the Gandhisagar Res- 
ervoir should be monitored constantly and the rate 
of siltation prevented by using all available reser- 
voir management methods. Some 4.3% of the 
gross storage capacity of the reservoir was lost 
between 1962 and 1975. The reasons for the higher 
rate of siltation include the construction of an 
insufficient number of stop-dams in the tributaries 
and the fact that about 66% of the catchment area 
consists of cultivated land, while only 3.62% con- 
sists of woodlands. There is therefore a tendency 
for loose soil to accumulate in the reservoir bed. 
Based on the present data, the immediate construc- 
tion of stop dams at strategic river locations, in- 
tense afforestation in the catchment area, and other 
conservation and reservoir management methods 
must be implemented immediately to save the res- 
ervoir from a premature end. (Sand-PTT) 
20 


EFFECT OF ANTECEDENT FREEZE-THAW 
FREQUENCY ON RUNOFF AND SOIL LOSS 
FROM FROZEN SOIL WITH AND WITHOUT 
SUBSOIL COMPACTION AND GROUND 
COVER. 

Agriculture Canada, Charlottetown 
Edward Island). Research Station. 

For primary bibliographic entry see Field 2C. 
W90-09720 


(Prince 


FLOOD HYDROGRAPH ESTIMATION FROM 
ARID CATCHMENT MORPHOLOGY. 

Sultan Qaboos Univ., Muscat (Oman). Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 2E. 
W90-09775 


VADOSE-ZONE RECHARGE AND WEATHER- 
ING IN AN EOCENE SAND DEPOSIT, EAST 
TEXAS, U.S.A. 

Texas Univ. at Austin. Bureau of Economic Geol- 





ogy. 
For primary bibliographic entry see Field 2F. 
W90-09795 


SEDIMENT DELIVERY RATIO PREDICTION 
EQUATIONS FOR SHORT CATCHMENT 
SLOPES IN A HUMID TROPICAL ENVIRON- 


MENT. 

Ondo State Univ., Ado-Ekiti (Nigeria). Dept. of 
Geography. 

F. S. Ebisemiju. 

Journal of Hydrology JHYDA7, Vol. 114, No. 1/ 
2, p 191-208, March 1990. 5 fig, 7 tab, 28 ref. 


Descriptors: *Erosion, ‘*Infiltration, *Sediment 
erosion, *Slope degradation, *Soil erosion, *Tropi- 
cal regions, Bank erosion, Regression analysis, 
Slopes, Stream banks, Vegetation effects, Water- 
sheds. 


A long-term empirical investigation of sediment 
delivery process dynamics on bare and fully vege- 
tated catchment slopes in southwestern Nigeria 
was performed. A man-induced change from vege- 
tated to bare surfaces results in a 400-fold increase 
in the volume of eroded material while soil loss 
increases by about 3 orders of magnitude. While 
slope gradient and soil erodibility exercise the 
strongest controls on erosion and soil loss on bare 
hillslopes, the latter is the dominant factor on 
vegetated plots. The volume of deposited material 
is most strongly controlled by slope length on both 
surfaces, with infiltration playing a secondary, 
though significant, role. The average sediment de- 
livery ratios are 88% and 16% for bare and vege- 
tated hillslopes, respectively. The stepwise multi- 
ple regression models explain 92% and 85% of the 
variance in sediment delivery ratios on bare and 
vegetated hillslopes, respectively, and reveal that 
slope gradient and length are the dominant factors 
controlling sediment delivery to stream channels 
from bare and vegetated slopes, respectively. (Au- 
thor’s abstract) 


IMPORTANCE OF ORGANIC-INORGANIC 
REACTIONS TO MODELING WATER-ROCK 
INTERACTIONS DURING PROGRESSIVE 
CLASTIC DIAGENESIS. 

Wyoming Univ., Laramie. Enhanced Oil Recovery 
Inst. 

For primary bibliographic entry see Field 2K. 
W90-09884 


COMPILATION OF MEAN ANNUAL SUS- 
PENDED-SEDIMENT YIELDS FOR SELECT- 
ED STREAMS DRAINING BASINS WITHIN 
AND ADJACENT TO COAL FIELDS IN THE 
EASTERN UNITED STATES. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

E. Hickman. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 88-80, 1989. 57p, 3 fig, 29 ref, 4 
append. 


Descriptors: *Coal mining, *Sediment yield, *Sus- 
pended sediments, Coal fields, Drainage basins, 
Sediment data. 


Mean annual suspended-sediment yields are listed 
for 481 selected stations on streams draining basins 
within and adjacent to the coal fields of the East- 
ern Coal Province and the eastern region of the 
Interior Coal Province of the Eastern United 
States. The drainage basin of each of these stations 
has an area of 100 and 10,000 sq km; one third or 
less of the basin drains to a manmade impound- 
ment. Also listed are the percentage of the basin 
covered by forest, the mean stream-channel gradi- 
ent of the basin, and any coai-mining activity in the 
basin. (USGS) 

W90-09889 


SUMMARY OF FLUVIAL-SEDIMENT STUD- 
IES IN OHIO, THROUGH 1987. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 
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S. M. Hindall. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4066, 
December 1989. 29p, 6 fig, 3 tab, 15 ref. 


Descriptors: *Fluvial sediments, *Hydrologic data 
collections, *Ohio, *Sediments, *Suspended sedi- 
ments, Discharge estimation, Sediment data. 


The U.S. Geological Survey, in cooperation with 
other Federal, State, and local agencies, has been 
collecting fluvial sediment data from Ohio streams 
since April 1950. This report summarizes the data 
collected for the period April 1950 through 1987. 
In addition, trends in annual suspended-sediment 
discharge in Ohio streams are examined and dis- 
cussed, and a technique is presented for estimating 
discharge at ungaged points on Ohio streams. 
(USGS) 

W90-09900 


INVESTIGATION OF SEDIMENT TRANS- 
PORT IN THE AUSTRIAN PART OF THE 
DANUBE USING ENVIRONMENTAL ISO- 
TOPES. 

Bundesversuchs- und Forschungsanstalt Arsenal, 
Vienna (Austria). 

D. Rank, M. Kralik, K. Augustin-Gyurits, F. 
Maringer, and V. Rajner. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 637-646. 9 fig, 2tab, 6 ref. 


Descriptors: *Danube River, *Environmental trac- 
ers, *Hydroelectric plants, *Isotope studies, *Sedi- 
ment transport, *Sedimentation, *Tracers, Austria, 
Beryllium radioisotopes, Cesium radioisotopes, En- 
vironmental isotopes, Stable isotopes, Strontium 
radioisotopes, Tritium. 


During the last 30 years, eight hydroelectric power 
plants have been constructed along the Austrian 
part of the Danube; as a consequence, sediment 
transport and deposition have changed consider- 
ably. Thick piles of fine sediments have accumulat- 
ed in the uppermost of the chain of reservoirs 
(Aschach) from 1964 onward. The task of this 
preliminary study is to investigate which informa- 
tion on sedimentation and sediment transport can 
be obtained using environmental isotope methods. 
The tritium content and the stable isotope ratios of 
the pore water were measured. Chemical constitu- 
ents and radionuclides (Be-7, Sr-90, Cs-137) were 
investigated in several size fractions of the sedi- 
ments. Preliminary results obtained from measur- 
ing the H-3 content of the pore water indicate that 
the pore water is mainly the original Danube water 
entrapped during sedimentation. Apart from the H- 
3 peak in the 1960s, a second smaller peak was 
detected, corresponding to precipitation with high 
H-3 content in the Austrian Alps in May 1974. Up 
to April 1986, the Cs-137 content of the sediments 
decreased from its maximum in 1963. Measure- 
ments on post-Chernobyl samples taken from all 
reservoirs in October 1986 show an increase in Cs- 
137 concentration of about two orders of magni- 
tude. There is a more or less continuous decrease 
in Be-7 content along the chain of reservoirs, possi- 
bly due to different sedimentation rates of redistri- 
bution. (See also W90-09551) (Author’s abstract) 
W90-09989 


STUDY OF THE EVOLUTION OF DREDGED 
MATERIAL DISCHARGES BY MEANS OF RA- 
DIOACTIVE TRACERS. 

Commissariat a l’Energie Atomique, 
(France). Centre d’Etudes Nucleaires. 
For primary bibliographic entry see Field 5B. 
W90-09990 


Saclay 


RIVER PROCESSES METHODOLOGICAL AP- 
PROACH: EXPERIENCE WITH THE RIVER 
MUSONE, ITALY. 

Florence Univ. (Italy). Dept. of Civil Engineering. 
I. Becchi, and G. S. Tazioli. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
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um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 683-696. 10 fig, 10 ref. 


Descriptors: *Bed load, *Isotope studies, *Isotopic 
tracers, *River flow, *River sediments, *Sediment 
transport, *Tracers, Analytical methods, Flood 
data, Italy, Musone River, River beds. 


The experimental setup designed for the Musone 
River, Italy is introduced as a methodological ap- 
proach to the evaluation of river dynamics in a 
small stream. Rainfall is measured by rain gauges at 
eight locations. The river is checked by two main 
stations, one of which is designed for total moni- 
toring, including sediment transport and liquid dis- 
charge; the stream morphology is surveyed by 
means of periodical topographical measurements. 
Using continuous nuclear measurement of sediment 
concentration and of other river parameters, the 
dimension and the velocity of river evolution can 
be measured, giving a quantitative evaluation of 
the contribution of sediment transport to modify- 
ing the river bed. The implementation of bed load 
sampling allows determination of the importance 
of large grain size movement and its relative fre- 
quency in the total load. The method permits the 
determination of the total amount of sediment car- 
ried out to the sea, giving an important increase of 
knowledge on the evolution of the coastline. Ex- 
amples of monitoring flood processes are present- 
ed, including the records of the flood of 17 January 
1987, which had an estimated 10 tons of bed load 
transported. (See also W90-09551) (MacKeen- 


PTT) 
W90-09991 


CHANNEL ENGINEERING 
CONTROL, 

Eidgenoessische Technische Hochschule, Zurich 
(Switzerland). Versuchsanstalt fuer Wasserbau, 
Hydrologie und Glaziologie. 

For primary bibliographic entry see Field 4A. 
W90-10003 


AND EROSION 


PREDICTING THE IMPACTS OF A LOGICAL 
MINING UNIT SYSTEM ON THE WATER RE- 
SOURCES OF AN AREA. 

Consolidation Coal Co., Library, PA. Research 
and Development Dept. 

For primary bibliographic entry see Field 4C. 
W90- 10084 


EVALUATION OF RUNOFF AND EROSION 
FROM SURFACE-MINED AREAS. 

Agricultural Research Service, Fort Collins, CO. 
Hydro-Ecosystem Research Unit. 

For primary bibliographic entry see Field 4C. 
W90-10111 


SEDIMENT TRANSPORT AND UNIT STREAM 
POWER. 

Bureau of Reclamation, Denver, CO. Engineering 
and Research Center. 

C. T. Yang. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 265- 
289, 16 fig, 4 tab, 42 ref. 


Descriptors: *Fluid mechanics, *Mathematical 
equations, *Sediment transport, *Unit stream 
power, Froude number, Incipient motion, Mathe- 
matical studies, Sediment discharge, Sediment- 
water interfaces, Sedimentation, Stream discharge, 
treamflow, Turbulent flow. 


The basic approaches used in the study of incipient 
motion and sediment transport are examined. The 
flow condition under which sediment particles on 
the bed start to move (the condition of incipient 
motion) is important to the study of sediment. 
Criteria for incipient motion can be obtained from 
the balance of forces acting on a sediment particle. 
The magnitudes of these forces can be determined 
from either a shear stress or a velocity approach. 
The basic approaches used in the development of 
sediment transport equations are deterministic, 
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probabilistic, and regression. It is questionable that 
the rate of sediment transport or concentration can 
be consistently determined from water discharge, 
average flow velocity, energy slope, or shear 
stress. The strong correlation between sediment 
concentration and unit stream power is not affect- 
ed by the variation of bed forms, relative rough- 
ness, Froude number, and channel pattern. The 
fact that sediment concentration should be related 
to unit stream power can be derived directly from 
well-established theories in fluid mechanics and 
turbulence. Comparison between measured and 
computed results indicates that the unit stream 
power equations are more accurate than others. 
Due to the complex nature of field conditions, it is 
impossible to recommend one equation for univer- 
sal application. (See also W90-10104) (Mertz-PTT) 
W90-10112 


CHARACTERISTICS OF A SEDIMENT-LADEN 
FLOW IN A CANAL AND CALCULATION OF 
RELIABILITY. 

For primary bibliographic entry see Field 8B. 
W90-10146 


ONE-DIMENSIONAL MASS TRANSPORT IN 
STREAMS WITH ABRUPT CHANGES IN CON- 
CENTRATION AT THE INITIAL SITE. 

T. G. Voinich-Syanozhentskii, L. D. Gogeliani, 
and Y. A. Litvin. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 384-389, January 1990. 1 fig, 9 ref. Trans- 
lated from Gidrotekhnicheskoe Stroitel’stvo, No. 
7, p 20-23, July 1989. 


Descriptors: *Mass transport, *Path of pollutants, 
*Rivers, *Sediment transport, Canals, Estimating 
equations, Floods, Intakes, Irrigation canals, Math- 
ematical studies, Model studies, Solute transport, 
Suspended sediments. 


Predictive calculations of the sediment concentra- 
tion and the degree of pollution of river waters 
was used for evaluating the possible increase in the 
degree of pollution of the water-supply source. 
Formulas were developed to calculate the degree 
of pollution/suspended sediment load predicted at 
various distances from an intake or from the site of 
an accidental pollutant release/flood-caused tur- 
bidity. These equations were applied to estimation 
of suspended sediments approaching a hydroelec- 
tric plant intake, to calculation of sediments with 
adsorbed trace metals in irrigation canals, to pro- 
tection of water supply intakes from excess sedi- 
ments capable of clogging filters, and to accidental 
release of wastewater from a treatment plant into a 
stream. (Cassar-PTT) 

W90-10149 


HOLOCENE EVOLUTION OF AN ESTUARINE 
COAST AND TIDAL WETLANDS. 

West Chester Univ. of Pennsylvania. Dept. of Ge- 
ology and Astronomy. 

For primary bibliographic entry see Field 2L. 
W90-10176 


EVOLUTION OF A PLIO-PLEISTOCENE VOL- 
CANOGENIC-ALLUVIAL FAN: THE PUYE 
FORMATION, JEMEZ MOUNTAINS, NEW 
MEXICO. 

Texas Univ. at Arlington. Dept. of Geology. 

D. B. Waresback, and B. N. Turbeville. 

Geological Society of America Builetin 
BUGMAF, Vol. 102, No. 3, p 298-314, March 
1990. 10 fig, 1 tab, 87 ref. 


Descriptors: *Alluvial fans, *Geomorphology, 
*Paleohydrology, *Sediment transport, *Sedimen- 
tation, Geohydrology, Geology, History, Jemez 
Mountains, New Mexico, Rio Grande, Volcanoes. 


The Plio-Pleistocene Puye Formation, north-cen- 
tral New Mexico, contains >15 cu km of volcani- 
clastic alluvial sediments deposited in response to 
rift-margin volcanism associated with the later 
evolution of the Tschicoma volcanic center, north- 
eastern Jemez Mountains. Stratigraphic and sedi- 
mentologic evidence indicates that aggradation of 
Puye deposits was nearly continuous and contem- 


poraneous with graben development and establish- 
ment of the Rio Grande as the through-flowing 
axial drainage system in this region. Much of the 
Puye sediments debouched into an adjacent subsid- 
ing depocenter, resulting in near-complete preser- 
vation of this wedge-shaped volcanogenic fan. Pri- 
mary-pyroclastic and reworked facies in the Puye 
Formation exhibit distinctive 5-m to 30-m scale 
cyclicity directly related to volcanic activity in the 
northeastern Jemez highlands. Reworked-pyro- 
clastic and conglomeratic sequences deposited by 
high-energy braided streams, sediment-charged 
sheetfloods, sediment-gravity flows, and in shallow 
lakes reflect markedly increased sediment loads 
during the following explosive eruptions. Individ- 
ual sequences change markedly in character with 
increased distance from the source area. Analysis 
of these abrupt lateral and vertical variations re- 
veals that Puye sedimentation was controlled by 
the influences of semiarid climate and syndeposi- 
tional tectonism, although the associations that 
most characterize the fan resulted largely from 
explosive volcanism. Cessation of fan growth is 
attributed to waning sediment supply as a result of 
volcanic quiescence and to the onset of basinwide 
pedimentation associated with downcutting of the 
ancestral Rio Grande. The Puye fan therefore pro- 
vides a detailed record of rift-basin alluvial sedi- 
mentation, complete with closely spaced tephros- 
tratigraphic control, and it records the growth and 
partial denudation of high-standing, northeastern 
Jemez Mountains volcanoes. (Author’s abstract) 
W90-10177 


PATTERN AND ORIGIN OF STEPPED-BED 
MORPHOLOGY IN HIGH-GRADIENT 
STREAMS, WESTERN CASCADES, OREGON. 
Pacific Northwest Forest and Range Experiment 
Station, Corvallis, OR. Forestry Sciences Lab. 

G. E. Grant, F. J. Swanson, and M. G. Wolman. 
Geological Society of America Bulletin 
BUGMAF, Vol. 102, No. 3, p 340-352, March 
1990. 10 fig, 5 tab, 96 ref. 


Descriptors: *Channel morphology, *Geohydro- 
logy, *Geomorphology, *Mountains, *Streambeds, 
Channel flow, Hydraulic properties, Pools, Riffles. 


A general hierarchical framework for viewing 
stepped-bed morphology in high-gradient channels 
is presented. Channel units--bed features that are 
one or more channel widths in length--are empha- 
sized as a particularly important scale of variation. 
Field studies in two streams in the Cascade Range 
in Oregon indicated that pool, riffle, rapid, cas- 
cade, and step channel units had distinct bed slope 
ranges, with average slopes of 0.005, 0.011, 0.029, 
0.055, and 0.173, respectively. Steeper units (rapids 
and cascades) are composed of step-pool sequences 
created by particles representing the 90th or larger 
percentile size fraction of bed material. Step spac- 
ing is inversely proportional to bed slope. The 
distribution of channe} units along a stream is 
influenced by bedrock and processes that introduce 
coarse sediment. Cascade and pool units dominate 
where landslide and debris-flow deposits constrict 
channel width and deliver large immobile boulders 
to the channel, whereas riffle and rapid units domi- 
nate in broad valley flats where deposition of finer 
sediment occurs. Markov chain analysis indicates 
that channel units occur in nonrandom two-unit 
sequences with the slope of the upstream unit 
inversely proportional to the slope of the next 
downstream unit. Pool-to-pool spacings average 
two to four channel widths, but variability in spac- 
ing is high, owing to uneven distribution of bed- 
rock outcrops and boulder deposits within the 
channel. Hydraulic reconstruction indicates that 
channel units form during high-magnitude, low- 
frequency events with recurrence intervals of 
about 50 yr. Comparison of channel-unit morphol- 
ogy to high-gradient flume experiments with heter- 
ogenous bedload mixtures indicated that unit mor- 
phogenesis is linked to factors that cause conges- 
tion of large particles during bedload transport 
events. Channel units appear to be a two-dimen- 
sional bar form found in streams where gradients 
exceed 2%, bedload is widely sorted, and width-to- 
depth ratios and sediment supply are low-condi- 
tions found in many mountain environments. (Au- 
thor’s abstract) 

W90-10178 


APPLICATION OF RADIOACTIVE FALLOUT 
CESIUM-137 FOR MEASURING SOIL ERO- 
SION AND SEDIMENT ACCUMULATION 
RATES AND PATTERNS: A REVIEW. 
Agricultural Research Service, Beltsville, MD. 
Hydrology Lab. 

J. C. Ritchie, and J. R. McHenry. 

Journal of Environmental Quality JEVQAA, Vol. 
ja No. 2, p 215-233, April/June 1990. 5 fig, 617 
ref. 


Descriptors: *Cesium radioisotopes, *Erosion, 
*Literature review, *Radioactive tracers, *Sedi- 
ment distribution, *Sedimentation, *Sedimentation 
rates, *Soil erosion, *Tracers, Accumulation, Air 
pollution, Deposition, Fallout, Flood plains, Path 
of pollutants, Radioisotopes, Soil loss. 


The use of cesium-137 produced in atmospheric 
nuclear tests as a tracer for studying erosion and 
sedimentation is reviewed. This radioisotope is 
uniquely suitable for this application because its 
only source is nuclear fission, it is strongly ab- 
sorbed on soil particles, its movement is mostly by 
physical processes, it has a long half-life (30 yr), 
and it is globally distributed. Cesium-137 loss from 
a watershed has been shown to correlate strongly 
with soil loss calculated by the Universal Soil Loss 
Equation or measured from small runoff plates. By 
measuring spatial patterns of cesium-137 in vertical 
and horizontal planes across the landscape, rates of 
soil loss or deposition can be measured for differ- 
ent parts of a watershed. Redistribution of soil can 
be mapped and erosion or deposition rates for 
different parts of individual fields can be measured 
and mapped. Sediment accumulation rates can be 
measured by comparing the vertical distribution of 
cesium-137 in sediments with the temporal deposi- 
tion of fallout from the atmosphere to locate sedi- 
ment horizons. Using these dated sediment hori- 
zons, sediment accumulation rates can be meas- 
ured. Interpretations about the location of these 
dated horizons must consider particle size of the 
specimens, diffusional movement of cesium-137, 
and time rates of physical processes in the sedimen- 
tation process. The cesium-137 technique is appli- 
cable in reservoirs, lakes, wetlands, coastal areas, 
and flood plains. (Cassar-PTT) 

W90-10186 


ATMOSPHERIC POLLUTION IN BEIJING, 
CHINA, AS RECORDED IN SEDIMENTS OF 
THE SUMMER PALACE LAKE 


Academia Sinica, Beijing (China). Research Center 
for Eco-Environmental Sciences. 

For primary bibliographic entry see Field 5B. 
W90-10214 


FARMERS’ RESPONSE TO A FILTER STRIP 
PROGRAM: RESULTS FROM A CONTINGENT 
VALUATION SURVEY. 

Michigan State Univ., East Lansing. Dept. of Agri- 
cultural Economics. 

For primary bibliographic entry see Field 5G. 
W90-10232 


WOODY DEBRIS, SEDIMENT, AND RIPARI- 
AN VEGETATION OF A SUBALPINE RIVER, 
MONTANA, U.S.A. 

Iowa Univ., lowa City. Dept. of Geography. 

G. P. Malanson, and D. R. Butler. 

Arctic and Alpine Research ATLPAV, Vol. 22, 
No. 2, p 183-194, May 1990. 6 fig, 6 tab, 35 ref. 


Descriptors: *Detritus, *Montana, *Riparian vege- 
tation, *River sediments, *Sediment transport, 
Correlation analysis, Rivers, Species composition, 
Statistical studies, Topography. 


The relationships among woody debris, composi- 
tion of vegetation, topography, and sediment on 
ten gravel bars along a Montana river are exam- 
ined in order to test a hypothesis of positive feed- 
back leading to reduced rates of sediment trans- 
port. Plant species diversity is related to the area, 
sediment, and woody debris of bars. Several varia- 
bles were significantly correlated and significant 
regressions of vegetative composition on sediment, 
topography, and debris resulted. The amount of 





woody debris, however, is not a statistically signifi- 
cant function of topography, sediment, or vegeta- 
tion. Large amounts of woody debris are located 
both on low, barren, apparently new gravel bars, 
and on higher bars, where fine sediment is deeper 
and more mature stands of vegetation exist. Analy- 
ses of systems of linear equations representing hy- 
pothetical pathways of causality regarding vegeta- 
tion, woody debris, topography, and sediment 
were not statistically significant. Time, a variable 
not amenable to measurement in this system, is 
apparently an important direct control of processes 
at every step of the causal chain in such a way that 
its effects cannot be subsumed by any of the other 
variables. A disequilibrium condition in which the 
operations of mesoscale ecological processes are 
superimposed on sedimentological processes with 
macroscale components may also explain why the 
correlations are not maintained when ordered into 
a system. (Author’s abstract) 

W90-10264 


DISTRIBUTION AND TRANSPORT OF SUS- 
PENDED PARTICULATE MATTER. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

P. A. Yeats. 

Canadian Bulletin of Fisheries and Aquatic Science 
CBFSDB, Vol. 220, p 15-28, 1988. 7 fig, 21 ref. 


Descriptors: *Estuaries, *Geochemistry, *Gulf of 
St Lawrence, *Particulate matter, *Rivers, *Sedi- 
ment transport, *St Lawrence Estuary, *Suspend- 
ed sediments, Canada, Gulfs, Reviews, Turbidity. 


The nature, distribution, and transport of suspend- 
ed particulate matter (SPM) to some extent control 
the transport and behavior of the chemical compo- 
nents in aquatic systems. Many organic and inor- 
ganic constituents undergo exchanges between dis- 
solved and particulate phases depending upon their 
affinity for particulate material. While dissolved 
constituents that have very low affinity for particu- 
late material may be regarded as conservative in 
water and are therefore distributed entirely as a 
consequence of water mixing processes, most 
chemical species have significant affinities for 
either organic or inorganic particles and are there- 
fore subject to non-conservative transport that is 
greatly affected by the concentrations and types of 
particles in the system and their fate. The distribu- 
tion and transport of suspended particulate matter 
in the St. Lawrence Estuary, Saguenay Fjord and 
the Gulf of St. Lawrence are reviewed. (Sand- 


PTT) 
W90-10284 


STABLE ISOTOPE STUDIES IN THE GULF OF 
ST. LAWRENCE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

F. C. Tan, and P. M. Strain. 

Canadian Bulletin of Fisheries and Aquatic Science 
ies Vol. 220, p 59-77, 1988. 9 fig, 2 tab, 44 
ref. 


Descriptors: *Carbon isotopes, *Estuaries, *Geo- 
chemistry, *Gulf of St Lawrence, *Isotope studies, 
*Oxygen isotopes, *Sea ice, *Seawater, *Sedi- 
ments, *St Lawrence Estuary, *Stable isotopes, 
Canada, Gulfs, Reviews, Rivers. 


The distribution of stable isotopes in the Gulf of St. 
Lawrence is reviewed on a regional basis. The 
coverage includes studies on organic and inorganic 
carbon isotopes and oxygen isotopes in estuarine 
sediments, marine sediments and surface waters, 
and studies of isotope fractionation between sea ice 
and seawater. (Sand-PTT) 

W90-10287 


MODELLING GEOMORPHOLOGICAL SYS- 
TEMS 


John Wiley and Sons, New York. 1988. 458p. 
Edited by M. G. Anderson. 


Descriptors: *Channel flow, *Computer models, 
*Erosion, *Geomorphology, *Mathematical 
models, *Model studies, Data interpretation, Sedi- 
ment transport, Simulation analysis. 


WATER CYCLE—Field 2 


Erosion and Sedimentation—Group 2J 


The use of mathematical models in geomorpho- 
logy is increasing, particularly with the availability 
of computer programs to simulate geomorphologi- 
cal processes. Areas of research include: hillslope 
and channel process investigations, alternative 
modeling approaches within a given field, model 
validation and verification, and making computer 
simulations a more professional element in geomor- 
phological investigations. Specific topics being in- 
vestigated include: catastrophe theory, equilibrium 
models, network models, mathematical models of 
channel flow and channel morphology, sediment 
transport models, erosion models, solute models, 
and evaluating the use of models in general. Geo- 
morphological models include physically based 
models, empirical models, stochastic models, and 
various combinations. Problems with geomorpho- 
logical models stem from the complex nature of 
geomorphology itself, the lack of a clear theoreti- 
cal framework, and difficulty in collecting the 
volume of data required to rigorously evaluate and 
calibrate mathematical models. Continued research 
may bring geomorphological models up to the 
professional level of the more deterministic models 
employed in other physical sciences. (See W90- 
10335 thru W90-10348) (Tappert-PTT) 

W90-10334 


REVIEW OF THE BASES OF GEOMORPHO- 
LOGICAL MODELLING. 

Bristol Univ. (England). Dept. of Geography. 

M. G. Anderson, and K. M. Sambles. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 1-32, 10 fig, 3 
tab, 120 ref. 


Descriptors: *Computer models, *Geomorpho- 
logy, *Model studies, Data interpretation, Erosion, 
Evaluation, Literature review, Research priorities, 
Uncertainty, Weathering. 


Modeling is an integral part of current geomorpho- 
logical thought and understanding. An analysis of 
papers published in three international geomorpho- 
logical journals reveals that 45% of the articles 
relate in some way to modeling. Key modeling 
problems being investigated include: the need to 
include more aspects of the real system (such as 
hillslope processes and rock weathering mechan- 
ics), accommodation of conceptual model uncer- 
tainty, data/parameter induced uncertainty, recog- 
nition of the importance of time bases and the 
long-term objectives of geomorphological model- 
ing, and the need to circumvent the potentially 
significant problem of time constraints on research 
with respect to the transportability of state-of-the- 
art models. As models increase in complexity and 
focus on process mechanics, it is now feasible to 
develop models that can not be validated in the 
classical sense. Goals of future geomorphological 
research should include: maintaining and further 
developing higher level theories in geomorpho- 
logy, developing models in areas of relative model 
omission, developing models which couple systems 
and the treatment of spatially integrative modeling, 
continuing the development of process mechanics 
in established modeling areas and developing fur- 
ther appropriate data structures for validation s 
well as model operation, and making geomorpho- 
logical models more available. (See also W90- 
10334) (Tappert-PTT) 

W90-10335 


APPLICATIONS OF CATASTROPHE THEORY 
IN FLUVIAL GEOMORPHOLOGY. 

Arizona State Univ., Tempe. Dept. of Geography. 
W. L. Graf. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 33-47, 6 fig, 1 
tab, 58 ref. 


Descriptors: *Catastrophe theory, *Fluvial sedi- 
ments, *Geomorphology, *Mathematical models, 
*Theoretical analysis, *Topology, Arroyos, Chan- 
nel morphology, Data interpretation, Equilibrium, 
Model studies, Sedimentation. 


Catastrophe theory is a part of mathematical topol- 
ogy which characterizes the spatial and temporal 
structures of change in general systems, and offers 
a potentially useful language for expressing theo- 


ries that explain changes in geomorphological sys- 
tems. Introduced in the mid-1970s, catastrophe 
theory does not provide theoretical explanations, 
but presents a descriptive model with a specific 
language that shows the relationships among varia- 
bles that interact with each other over time and 
space. The major contribution of the theory is as a 
qualitative statement about the nature of system 
change. The application of catastrophe theory to 
geomorphology depends upon general systems 
theory, equilibrium tendencies, and the concept of 
the interplay between forces and resistances. Spe- 
cific problems that can be addressed by catastro- 
phe theory include issues related to channel pat- 
terns, arroyo excavation, sedimentation at channel 
junctions, ephemeral stream processes, and sedi- 
ment dynamics on the basin scale. Because the 
emphasis of catastrophe theory is on the qualitative 
rather than the quantitative, it is not likely to 
contribute to the quantitative aspects of geomor- 
phology currently in vogue. Whether or not it 
ultimately comes to common use in the science 
depends on its success in solving the problems 
important to geomorphology. (See also W90- 
10334) (Tappert-PTT) 

W90-10336 


EQUILIBRIUM MODELS IN GEOMORPHO- 
LOGY. 


Virginia Univ., Charlottesville. Dept. of Environ- 
mental Sciences. 

A. D. Howard. 

IN: Modelling Geomorphological Systems. John 
—— and Sons, New York. 1988. p 49-72, 8 fig, 48 
ref. 


Descriptors: ‘*Equilibrium, *Geomorphology, 
*Mathematical models, *Model studies, Alluvial 
channels, Channel morphology, Erosion, Mathe- 
matical studies, Meanders, Sedimentation, Stochas- 
tic models. 


Equilibrium refers to a type of temporal relation- 
ship between one or more external variables, or 
inputs, and a single internal variable, or output. It 
is a single-valued functional relationship which 
incorporates both the notion of time independence 
in the relationship between inputs and outputs, and 
the possibility that equilibrium can be maintained 
as both inputs and outputs change through time. 
The concept of an allowable margin of error in the 
functional relationship moves equilibrium from an 
unattainable ideal to a useful and quantitatively 
testable tool. The equilibrium concept can be ap- 
plied to various types of system models, including 
both deterministic linear systems and systems with 
stochastic components. Geomorphic applications 
include equilibrium and grade in alluvial streams, 
dynamic equilibrium in landform evolution, equi- 
librium models of aeolian dune form and migra- 
tion, equilibrium models of saltation, and equilibri- 
um models of stream meandering. The choice of 
variables characterizing inputs and outputs for nat- 
ural systems depends upon the timescales of 
change and relaxation times of external parameters 
and system responses. A physical system can be 
examined at a variety of timescales depending 
upon the problem at hand. Systems responding to 
slowly-changing inputs can often be assumed to 
remain in equilibrium. Equilibrium concepts are 
generally not applicable to physical systems that 
exhibit oscillatory, threshold, hysteretic, multiva- 
lued, or strongly unpredictable responses to con- 
stant or slowly-changing inputs. (See also W90- 
10334) (Tappert-PTT) 

W90-10337 


NETWORK MODELS IN GEOMORPHOLOGY. 
State Univ. of New York at Buffalo. Dept. of 
Geography. 

D. M. Mark. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 73-97, 11 fig, 3 
tab, 60 ref. NSF Grant SES-8420789. 


Descriptors: *Drainage patterns, *Geomorpho- 
logy, *Model studies, *Networks, Channel flow, 
Finite element method, Mathematical models, Sur- 
face drainage, Surface flow, Topology. 





Field 2—WATER CYCLE 


Group 2J—Erosion and Sedimentation 


Networks are of paramount importance in geomor- 
phological research. Some of the most prominent 
geomorphological networks are channel networks. 
Simple channel networks with no lakes or forks 
dominate in many areas, and have been studied 
rather intensively by geomorphologists. Network 
types receiving less attention include networks 
with forks (such as deltas and braided channels), 
and networks with lakes. Other geomorphological 
networks include ridge and divide patterns, and 
flow over entire surfaces. Ridge and divide pat- 
terns have received little attention from geomor- 
phologists because they are areas where there is 
the least amount of geomorphological activity. A 
finite element approach divides land surfaces into 
discrete cells, and links these into a space-filling 
network reflecting flows of water and debris 
across the surface. Such networks are at the core 
of simulation models for runoff generation, ero- 
sion, and landscape evolution. The visible net- 
works on the surfaces, such as the channels and the 
ridges, are seen to be subgraphs of the whole- 
surface networks. A variety of algorithms are 
available for analyzing drainage networks, evaluat- 
ing the topology and geometry of surface net- 
works, and the interpretation of digital elevation 
data. Network analysis provides a sound basis for 
integrated studies of landscape processes. (See also 
W90-10334) (Tappert-PTT) 

W90-10338 


MATHEMATICAL 
MORPHOLOGY. 
University of East Anglia, Norwich (England). 
School of Environmental Sciences. 

R. D. Hey. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 99-125, 2 fig, 2 
tab, 72 ref. 


MODELS OF CHANNEL 


Descriptors: *Channel flow, *Channel morpholo- 
gy, *Geomorphology, *Mathematical models, 
*Model studies, Alluvial rivers, Bed load, Canals, 
Channel erosion, Deposition, Erosion, Finite dif- 
ference methods, Mathematical studies, River beds, 
Sedimentation. 


A variety of morphological models are available 
for predicting the dimensions of stable alluvial 
rivers and canals, and for modeling changes in 
channel morphology during erosion and deposi- 
tion. Both static and dynamic models have been 
developed for different bed configurations. De- 
pendent variables influencing channel morphology 
include: width, depth, maximum depth, height and 
wavelength of bedforms, slope, velocity, sinuosity, 
and meander arc length. Independent variables 
controlling stable channel dimensions include: dis- 
charge, bed material load, caliber of the bed mate- 
rial, bank vegetation, and valley slope. Regime 
equations are empirical equations that have been 
developed to predict the geometry of stable alluvi- 
al channels. Regime equations are classified based 
upon the bed material size into cohesive-bed, sand- 
bed, and gravel-bed equations. They are also cate- 
gorized as mobile and quasifixed equations, de- 
pending upon the presence or near absence of bed 
material transport. Rational equations link the de- 
pendent and independent variables by nine phys- 
ically deterministic process equations, allowing the 
prediction of stable channel morphology. The ge- 
ometry of unstable channels can be predicted using 
a variety of equations based upon the continuity 
equations for water and sediment, and the equation 
of motion of water. Finite difference methods are 
generally used to solve the continuity equations, 
using both implicit and explicit schemes. Dynamic 
model inputs include boundary conditions and ini- 
tial conditions. A calibration procedure utilizing 
historical data should be used to compare observed 
channel changes with those predicted by the 
model. (See also W90-10334) (Tappert-PTT) 
W90-10339 


FLOW PROCESSES AND DATA PROVISION 
FOR CHANNEL FLOW MODELS. 

Newcastle upon Tyne Univ. (England). Dept. of 
Civil Engineering. 

J. C. Bathurst. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 127-152, 6 fig, 


1 tab, 84 ref. 


Descriptors: *Channel flow, *Geomorphology, 
*Model studies, *Sediment transport, Alluvial 
rivers, Bed load, Channel erosion, Channel mor- 
phology, Data interpretation, Finite difference 
methods, Flow characteristics, Mathematical equa- 
tions, Mathematical models, Mathematical studies, 
River beds, Sedimentation. 


The past two decades have seen the development 
of powerful channel flow models capable of inte- 
grating main channel flow with overbank flow, 
aquifer interaction, and the transport of sediments, 
pollutants, and heat. Much of the emphasis has 
been on numerical solution techniques, which have 
advanced to a level where they are no longer the 
principal limiting factor in model application. Data 
provision methodologies are not generally capable 
of supplying the large amounts of data required to 
develop and calibrate the models. In addition, not 
all models incorporate a sufficient understanding of 
the relevant field processes. Channel processes 
such as secondary circulation, effects of tributary 
inflows, overbank flow, meandering channels, 
dambreak floods, floodplain flow resistance, and 
stream-aquifer interaction are not always adequate- 
ly addressed by channel flow models. Transport 
models are flow models coupled with equations 
describing the transport of sediment, pollutants, or 
heat. Data requirements for transport models in- 
clude many channel features subject to wide spatial 
and temporal variation, and data collection is ham- 
pered by the relatively unsophisticated measure- 
ment methods currently available. Improvements 
in model applications will require advances in data 
provision and the understanding and mathematical 
description of relevant channel processes. (See also 
W90-10334) (Tappert-PTT) 

W90-10340 


HYDROLOGY AND SEDIMENT MODELS. 
Commonwealth Scientific and Industrial Research 
Organization, Alice Springs (Australia). Div. of 
Wildlife and Rangelands Research. 

G. Pickup. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 153-215, 22 
fig, 83 ref. 


Descriptors: *Channel flow, *Geomorphology, 
*Hydrologic models, *Mathematical models, 
*Model studies, *Sediment transport, Analytical 
models, Bed load, Channel erosion, Computer 
models, Data interpretation, Erosion, Finite differ- 
ence methods, Mathematical studies, Sediment ero- 
sion, Sedimentation. 


Mathematical models are numerical representa- 
tions of conceptual models and provide a quantita- 
tive description of the spatial and temporal behav- 
ior of a system. Models describing the interaction 
between water and sediment vary in sophistication 
from simple regression equations through complex 
response models requiring sophisticated calibration 
techniques, to simulation models which attempt to 
reproduce the physical processes involved. Sedi- 
ment models include: lumped parameter sediment 
yield models, complex response models, catchment 
sediment routing models, and channel sediment 
routing models. Model techniques include both 
analytical models and numerical models using 
finite difference solution techniques. Problems can 
arise in selecting the proper transport equation, 
inability to accurately simulate changes in channel 
shape resulting from erosion and deposition, and 
the inappropriateness of large general models 
when applied to specific locations. Modeling large 
systems poses special problems related to: the 
volume of data required, synchronization of the 
temporal behavior of different parts of the system, 
and the compounding of error as large systems 
build up from constituent parts. An alternative 
approach for large systems employs a stochastic 
approach with the erosion cell concept, utilizing 
spatial process models and satellite data. The 
degree of calibration required for most models 
suggests that the simplest models might be the best 
ones, as long as no major changes in system behav- 
ior or morphology occur. (See also W90-10334) 
(Tappert-PTT) 

W90-10341 


MODELS OF SEDIMENT TRANSPORT IN 
NATURAL STREAMS. 

Leeds Univ. (England). School of Geography. 

P. S. Naden. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 217-258, 13 
fig, 6 tab, 86 ref. 


Descriptors: *Channel flow, *Geomorphology, 
*Mathematical models, *Model studies, *Sediment 
transport, *Suspended sediments, Bed load, Cali- 
bration, Channel erosion, Data interpretation, 
Mathematical equations, Mathematical studies, Sal- 
tation, Sediment erosion, Sedimentation, Shear 
stress, Suspended load, Turbulence. 


Sediment transport in natural streams is one of the 
most complicated modeling problems in geomor- 
phology, both conceptually and empirically. A fur- 
ther problem is the lack of reliable field data for 
model calibration and verification. Three critical 
areas of modeling research are the initiation of 
sediment movement, the transport of suspended 
sediment, and the movement of bedload. Important 
factors in modeling the initiation of sediment 
movement include: critical velocity or critical 
shear stress, sediment characteristics, and flow- 
related factors such as bed shear stress and turbu- 
lence. Traditional approaches to modeling sus- 
pended sediment have included empirical rating 
curve models, diffusion theory models, and sto- 
chastic approaches. More recent models have fo- 
cused upon supply-based models. Bedload move- 
ment is modeled using either empirical or semi- 
empirical sediment transport equations, or a con- 
sideration of individual grain movements. Empiri- 
cal methods use flow models coupled with one of 
many standard sediment transport equations, and 
employ the continuity equation to calculate sedi- 
ment budgets for individual reaches. Models based 
upon the individual grain process have focused 
upon the dynamics of saltation. Major gaps in the 
current knowledge of modeling sediment transport 
include: modeling fluid parameters such as the 
velocity profile and turbulence, providing an ade- 
quate description of bed topography, and under- 
standing the influence of sediment supply. Future 
modeling efforts will likely be more complex, will 
use more stochastic models, and will depend more 
on the linkage between sediment transport and 
channel behavior. (See also W90-10334) (Tappert- 


PTT) 
W90-10342 


STOCHASTIC MODELS OF SEDIMENT 
YIELD. 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

V. P. Singh, P. F. Krstanovic, and L. J. Lane. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 259-285, 7 fig, 
3 tab, 64 ref. 


Descriptors: *Geomorphology, *Mathematical 
models, *Model studies, *Sediment transport, 
*Sediment yield, *Stochastic hydrology, *Stochas- 
tic models, Bed load, Data interpretation, Mathe- 
matical studies, Probabilistic process, Regression 
analysis, Sediment erosion, Statistical analysis, 
Time series analysis. 


Sediment yield is the total sediment outflow from a 
watershed measurable at a point of reference 
during a specified period of time. Mathematical 
models of sediment yield can be either determinis- 
tic or stochastic, with some models combining 
elements of both. Stochastic sediment yield models 
include: regression models, time series models, en- 
tropy models, and probability models. Regression 
models relate sediment yield to one or more input 
factors and often one or more watershed charac- 
teristics; they require large amounts of data and 
often cannot be transferred from one watershed to 
another. Time series models consider the water- 
shed as a spatially lumped linear dynamic system. 
Rainfall and runoff constitute input, sediment yield 
is output, and the watershed system is represented 
by a transfer function and an appropriate Box- 
Jenkins type noise function. Entropy models, using 
the principle of maximum entropy (POME), may 
be entirely stochastic or comprised of both deter- 





ministic and stochastic components. Probability 
models stochastically treat rainfall as input, and 
runoff and sediment yield as output. Probability 
models seem to provide the greatest insight in 
sediment yield and its relationship to rainfall and 
runoff processes. Many of the time series charac- 
teristics such as inter-arrival times among events, 
duration of the event, frequency of occurrence, 
and the volume of the accumulated yield, which 
would not be interpreted by any other method, are 
interpreted successfully by probability distribution 
functions. (See also W90-10334) (Tappert-PTT) 
W90-10343 


MODELLING EROSION ON HILLSLOPES. 
Agricultural Research Service, Tucson, AZ. 
Southwest Watershed Research Center. 

L. J. Lane, E. D. Shirley, and V. P. Singh. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 287-308, 2 fig, 
1 tab, 52 ref, append. 


Descriptors: *Erosion, *Mathematical models, 
*Model studies, *Sediment transport, *Slopes, 
*Soil erosion, *Surface runoff, Geomorphology, 
Kinematic wave theory, Mathematical studies, Rill 
erosion. 


Surface runoff on upland areas such as hillslopes is 
often accompanied by soil erosion. Three main 
types of mathematical models have been developed 
to describe the complex, interactive process con- 
trolling hillslope erosion. These models are: pri- 
marily empirically based models, partially concep- 
tually and partially empirically based models, and 
partially process based or physically-based and 
partially empirically based models. Empirically- 
based models are generally a variation of the Uni- 
versal Soil Loss Equation (USLE). The USLE 
remains the most widely used model in predicting 
upland erosion. Conceptual models lie somewhere 
between empirical models and physically based 
models, and are based upon spatially lumped forms 
of continuity equations for water and sediment and 
some other empirical relationships. They are analo- 
gous in approach to surface runoff models and use 
the concepts of unit hydrograph theory to develop 
unit sediment graphs for small watersheds. Phys- 
ically-based models are emerging using improved 
erosion equations for overland flow, based upon 
the development of improved flow equations. The 
application of shallow water equations and the 
kinematic wave equations permit modeling of in- 
terrill and rill erosion processes. Simplifying these 
equations to permit an analytic solution requires 
several underlying assumptions, requiring more in- 
tensive data collection throughout the duration of 
runoff events, at various positions on the slope. 
(See also W90-10334) (Tappert-PTT) 

W90-10344 


MODELLING LANDFORM CHANGE. 
Technische Hochschule Aachen (Germany, F.R.). 
— fuer Geographie und Geographisches 
nst. 

F. Ahnert. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 375-400, 18 
fig, 31 ref. 


Descriptors: *Computer models, *Data interpreta- 
tion, *Erosion, *Geomorphology, *Model studies, 
*Stream erosion, Denudation, Geologic history, 
SLOP3D model, West Germany. 


Landform changes are termed ensystematic (origi- 
nating within the operating geomorphic system) or 
eksystematic (generated outside the operating geo- 
morphic system). Functional geomorphology is 
concerned primarily with ensystematic changes, 
while historic geomorphology places the main em- 
phasis on eksystematic changes. Quantitative theo- 
retical models of landform change are primarily 
functional-geomorphological, and can be expanded 
into historic models by the arbitrary insertion of 
eksystematic changes. SLOP3D is a process-re- 
sponse program of landform development, written 
in FORTRAN, which can be used for both two- 
dimensional (profile) and three-dimensional (land 
surface) models. Every process in SLOP3D is rep- 
resented by a process equation that has been for- 
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mulated on the basis of empirical knowledge and/ 
or general physical principles. Model inputs in- 
clude surface topography and a variety of underly- 
ing geological factors. Modeled processes include 
weathering, stream incision, and denudation proc- 
esses such as splash, suspended-load wash, bedload 
wash, slow mass movement, and debris slides. 
Model runs with various combinations of processes 
indicate the ensystematic change of slope form, 
and leads to an equilibrium profile form that is 
characteristic for the particular process combina- 
tion at work. The primary eksystematic change, 
which to affect landform development are tectonic 
processes that affect uplift and consequently the 
rate of fluvial downcutting. The Kall valley in 
Germany can be modeled well based upon purely 
ensystematic change, even though several Pleisto- 
cene climatic changes have imposed an eksystema- 
tic effect on landform development. (See also 
W90- 10334) (Tappert-PTT) 

W90-10346 


= TONS ON HILLSLOPE MODEL- 
NG, 

re Univ. (England). Dept. of Geography. 

I. Douglas. 

IN: Modelling Geomorphological Systems. John 

Wiley and Sons, New York. 1988. p 401-420, 1 tab, 

76 ref. 


Descriptors: *Geomorphology, *Mathematical 
models, *Model studies, *Slope degradation, 
*Slopes, Data interpretation, Erosion, Geologic 
history, Weathering. 


Mathematical hillslope modeling can be highly 
successful in handling systems in which all the 
individual components are well understood and 
can be represented reliably and precisely in the 
analysis, and for which the input data are accurate. 
Restrictions on this type of modeling stem from 
the incompleteness of current understanding of the 
components of hillslope systems and their interac- 
tions. Most quantitative work on hillslopes have 
concentrated on process or dynamic equilibrium 
models, and are essentially short-term. Model ap- 
plication to landscape evolution is restricted due to 
the failure of process modeling to adequately ac- 
count for longer timescales, larger model areas, or 
the effect of extreme events. Models are frequently 
restricted by lack of data on particular components 
of the hillslope system, such as weathering, chemi- 
cal processes, ecological processes, and the effects 
of soil fauna and animals on slope processes. Hills- 
lope models do however, simplify the complex 
linkages between biota, soil, weathering mantle, 
bedrock, slope gradient, water and energy. Under- 
standing these linkages is required before short- 
term changes in hillslopes can be modeled ade- 
quately. Incorporating the past into the present, or 
evaluating the legacy of a region’s geologic histo- 
ry, has long concerned hillslope investigators. Be- 
cause a valid long-term model may demand more 
data than is currently available, much hillslope 
modeling may still be in the realm of ‘trans-sci- 
ence’. (See also W90-10334) (Tappert-PTT) 
W90-10347 


COMPUTER SIMULATION IN GEOMORPHO- 
LOGY. 


Logica Ltd., Cobham (England). 

S. Howes, and M. G. Anderson. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 421-440, 5 fig, 
33 ref. 


Descriptors: *Computer models, *Data interpreta- 
tion, *Geomorphology, *Mathematical models, 
*Model studies, *Simulation analysis, Evaluation, 
Model testing, Sensitivity analysis. 


Geomorphology comprises an inquiry into the re- 
lationship between forms and process, and the geo- 
morphological environment is visualized as a com- 
plex system. Computer simulations have become 
an increasingly popular methodology for examin- 
ing this system. Implementing a computer simula- 
tion involves the development of a mathematical 
model, followed y the incorporation of that model 
into computer code. The ‘realist’ approach is a 
physically-based model describing the real system 


in terms of the fundamental laws of science. The 
‘functionalist’ approach describes the system in 
terms of statistical or empirical relationships. The 
model must be evaluated to ensure that the mathe- 
matical approach is valid and the computer imple- 
mentation is accurate. Sensitivity studies to deter- 
mine the model’s response to changes in parameter 
inputs are performed to evaluate whether or not 
the model is behaving realistically. The predicted 
model output is compared to measured values in 
the range of conditions relevant to the model’s 
proposed application. Although it has been argued 
that geomorphology is inherently unsuitable for 
computer simulation due to the lack of a sound 
theoretical base, relying on purely deterministic 
principles, a clear understanding of the conceptual 
requirements of computer simulations should aid in 
improving the level of professional computer mod- 
eling in geomorphology. (See also W90-10334) 
(Tappert-PTT) 

W90-10348 


EROSION CONTROL FOR PLACER MINING. 
Entrix, Inc., Anchorage, AK. 

For primary bibliographic entry see Field 4D. 
W90-10480 


RIVERBANK EROSION PROCESSES ON THE 
YUKON RIVER AT GALENA, ALASKA. 

R and M Consultants, Inc., Anchorage, AK. 

W. S. Ashton, and S. R. Bredthauer. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, — Maryland. 1986. p 415-423, 5 fig, 
2 tab, 9 ref. 


Descriptors: *Alaska, *Channel erosion, *Cold re- 
gions, *Erosion, *Geomorphology, *Stream ero- 
sion, *Yukon River, Bank protection, Detritus, 
Erosion control, Erosion rates, Floods, Peat, 
Vegetation. 


Periodic measurements of riverbank recession on 
the Yukon River at Galena, Alaska have been 
made since 1946. Intensive studies of channel shape 
and riverbank erosion were conducted in 1984 and 
1985. Erosion rates varied from 0.3 m/yr (1.0 ft/ 
yr) at banks with developed vegetative protection 
(peat or bank debris) to 10.8 m/yr (35.5 ft/yr) at 
steep banks with active thermoerosional niching. 
Comparison of channel profile measurements from 
June 1984 and June 1985 indicate that the Thalweg 
did not significantly change elevation or location 
during a ten year recurrence interval flood. (See 
also W90-10434) (Author’s abstract) 

W90-10481 


SUSPENDED SEDIMENT BUDGET OF A GLA- 
CIER-FED LAKE - EKLUTNA LAKE, ALASKA. 
R and M Consultants, Inc., Anchorage, AK. 

J. H. Coffin, and W. S. Ashton. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 501-508, 5 fig, 
1 tab, 6 ref. 


Descriptors: *Alaska, *Cold regions, *Eklutna 
Lake, *Glacial lakes, *Glaciohydrology, *Lake 
sediments, *Sedimentation, *Suspended sediments, 
Regression analysis, Sediment load, Sediment 
yield, Streamflow. 


Suspended sediment data from Eklutna Lake, a 
glacier-fed lake in southcentral Alaska, were ana- 
lyzed to determine the annual sediment budget of 
the lake. Streamflow and sediment measurements 
were made on two major inflow streams and the 
lake outflow. Instantaneous values of discharge 
and total suspended sediment concentration (TSS) 
were used to develop regression relationships foe 
each of the inflow streams. Observed suspended 
sediment concentrations ranged from 0.15 to 570 
mg/L in the inflow streams and from 0.50 to 36 
mg/L in the outflow. The suspended sediment 
entering Eklutna Lake for the one year period 
from October 1983 through September 1984 was 
42,000 metric tons (46,000 tons). The amount leav- 
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ing the lake during the same period was 940 metric 
tons (1030 tons), indicating a trap efficiency of 
98%. Good agreement was found with Brune’s 
trap efficiency relationship, but poor agreement 
was observed with Guymon’s sediment yield rela- 
tionship. (See also W90-10434) (Author’s abstract) 
W90-10489 


2K. Chemical Processes 


GEOHYDROLOGIC DATA FOR SELECTED 
SPRINGS IN EASTERN NEVADA THROUGH 
1982, WITH EMPHASIS ON WHITE PINE 
COUNTY. 

Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09534 


SELECTED GROUND-WATER QUALITY 
DATA FOR THE SOUTHERN PART OF THE 
FORT HALL _ INDIAN _ RESERVATION, 
SOUTHEASTERN IDAHO, JULY 1989. 
Geological Survey, Boise, ID. Water Resources 
Div. 

For primary bibliographic entry see Field 5B. 
W90-09537 


SELECTED GROUND-WATER QUALITY 
DATA FOR THE AREA NEAR FORT HALL, 
FORT HALL INDIAN RESERVATION, 
SOUTHEASTERN IDAHO, JUNE 1989. 
Geological Survey, Boise, ID. Water Resources 
Div. 

For primary bibliographic entry see Field SB. 
W90-09538 


EFFECTS OF AGGRESSIVE WATER ON DAM 
CONCRETE. 

Gibb (Alexander) and Partners Ltd., London 
(England). 

For primary bibliographic entry see Field 8F. 
W90-09646 


EFFECTS OF TIDE RANGE ALTERATIONS 
ON SALT MARSH SEDIMENTS IN THE EAST- 
ERN SCHELDT, S. W. NETHERLANDS, 
Ingenieursbureau Oranjewoud B.V., Heerenveen 
(Netherlands). 

For primary bibliographic entry see Field 4C. 
W90-09684 


INTERACTION OF CA(H2P04)2 APPLIED TO 
AN OXISOL AND PREVIOUS SLUDGE 
AMENDMENT: SOIL AND CROP RESPONSE. 
Hawaii Univ., Honolulu. Dept. of Agronomy and 
Soil Sciences. 

For ss bibliographic entry see Field SE. 
W90-0972 


RELEASE OF SEDIMENTARY NITROGEN 
AND PHOSPHORUS IN POLDER DITCHES 
OF A LOW-MOOR PEAT AREA, 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 


For a bibliographic entry see Field 2H. 
W90-0973 


HYDROCHEMICAL APPLICATIONS OF THE 
ANALYSIS OF REPEATED MEASUREMENTS. 
Escuela Superior de Ingenieros, Bilbao (Spain). 
Dept. de Ingenieria Quimica y del Medio Am- 
biente. 

For primary bibliographic entry see Field 7A. 
W90-09756 


BEHAVIOUR OF ALUMINUM _ SPECIES 
DURING SNOWMELT, BOTH DOWNSTREAM 
AND AFTER MIXING WITH NONACIDIC 
WATERS. 

Bayreuth Univ. (Germany, F.R.). Lehrstuhl fuer 
Hydrologie. 

R. Herrmann, K. Klemm, and E. Tacken. 


Aqua Fennica AQFEDI, Vol. 19, No. 2, p 87-94, 
1989. 4 fig, 2 tab, 25 ref. 


Descriptors: *Acid rain effects, *Acidic water, 
*Aluminum, *Chemical speciation, *Path of pollut- 
ants, *Snowmelt, Eger River, Germany, Hydrogen 
ion concentration, Loquitz River, Mixing, River 
Aue. 


During spring snowmelt, fishkills have occurred in 
several rivers, caused mainly by the interaction of 
high concentrations of H(+-) ions and some toxic 
aluminum species. The temporal variation of alu- 
minum concentrations was measured during snow- 
melt in Germany, and the species distribution 
before and after mixing of acid waters from the 
Loquitz River with nonacidic waters from the 
River Aue was computed. The Loquitz River 
drains a slate quarry, whereas the Aue River re- 
ceives municipal sewage. The acid-neutralizing ca- 
pacity of the Aue River waters cause a decrease of 
aluminum concentrations and a shift to relatively 
higher portions of sigma-Al-F and sigma-Al-OH 
species below the confluence. In addition, after 
mixing, aluminum hydroxides and aluminum hy- 
droxysulfates precipitate and coat the gravel. 
Before mixing, aluminum concentrations appear to 
be controlled by aluminum hydroxysulfates, and 
after mixing, by gibbsite and kaolinite. Down- 
stream the upper Eger River hydrolysis causes a 
decrease in the concentration of aluminum, and as 
the pH increases, the Al(+3), sigma-Al-F and 
sigma-Al-SO4 species decrease, whereas sigma-Al- 
OH species increase. On the lower site of the river 
the Al concentrations are pH controlled, but not so 
on the upper site where Al behaves conservatively. 
Further, on the upper site aluminum concentra- 
tions are well below saturation with respect to all 
aluminum minerals examined, whereas on the 
lower site aluminum concentrations are controlled 
by gibbsite, kaolinite, and basalunite. As the snow- 
melt in both rivers did not cause a first flush of 
acid melt waters, a clearly recognizable regime of 
acid snowmelt-related aluminum dynamics was not 
observed. (Author’s abstract) 


EFFECT OF STORAGE AND SULPHURIC 
ACID ADDITION ON ANALYTICAL RESULTS 
OF NITROGEN AND PHOSPHORUS _§IN 
WATER SAMPLES CONTAINING ERODED 
MATERIAL. 

Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 


For primary bibliographic entry see Field 5A. 
W90-09763 


DEVELOPMENT OF A DEFINITIVE METHOD 
FOR IODINE SPECIATION IN AQUATIC SYS- 
TEMS. 

Regensburg Univ. (Germany, F.R.). Inst. fuer An- 
organische Chemie. 

For peety bibliographic entry see Field 2H. 
W90-0977. 


GROUNDWATER CATION CONCENTRA- 
TIONS IN THE RIPARIAN ZONE OF A FOR- 
ESTED HEADWATER STREAM. 

_ Univ., Toronto (Ontario). Dept. of Geogra- 
phy. 

A. R. Hill. 

Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
121-130, April/May 1990. 6 fig, 1 tab, 21 ref. 


Descriptors: *Cations, *Chemical interactions, 
*Forest watersheds, *Geochemistry, *Groundwat- 
er chemistry, *Riparian land, Canada, Flow char- 
acteristics, Geohydrology, Headwaters, Ontario, 
Riparian waters, Streams. 


The location of riparian zones within catchments 
makes them potentially important in regulating nu- 
trient fluxes between groundwater systems and 
streams. Groundwater cation concentrations in re- 
lation to hydrologic flow paths were studied in the 
riparian forest zone of a small headwater catch- 
ment near Toronto, Ontario, Canada. Groundwat- 
er entering the riparian zone from uplands showed 
significant differences in cation concentrations be- 
tween slope-foot and near-stream locations. Mean 


concentrations in shallow groundwater at the 
upland perimeter of the riparian forest were: Ca, 
65.0 mg/l; Mg, 11.2 mg/L; K, 0.7 mg/L; and Na, 
1.8 mg/L. Mean concentrations in deep ground- 
water flowing upwards through glacial sands be- 
neath the riparian zone were: Ca, 52.1 mg/L; Mg, 


15.1 mg/L; K, 1.3 mg/L; and Na, 2.6 mg/L 
Shallow groundwater emerged as_ slope-foot 
springs producing surface rivulets which crossed 
the riparian zone to the streams as bed and bank 
seepage. Springs had higher Ca concentrations and 
lower Mg, K, and Na values than rivulets entering 
the streams. Conversely, Mg, K, and Na concen- 
trations were higher and Ca concentrations were 
lower in bank seeps than in rivulets. These results 
suggest that differences in cation concentrations in 
groundwater entering the streams result from ini- 
tial contrast in the chemistry of shallow and deep 
groundwater rather than from the effects of ripari- 
an soils and vegetation. (Author’s abstract) 
W90-09776 


CHEMICAL MODELING OF AQUEOUS SYS- 
TEMS Il. 

American Chemical Society, Washington, DC 
1990. 556p. Developed from a Symposium Spon- 
sored by the Division of Geochemistry at the 
196th National Meeting of the American Chemical 
Society, Los Angeles, California, September 25-30, 
1988. 


Descriptors: *Computer programs, *Electrolytes, 
*Geochemistry, *Ions, *Minerals, *Model studies, 
*Path of pollutants, *Water chemistry, Chemical 
reactions, Computers, Dissolved oxygen, Error 
analysis, Geohydrology, Isotopes, Mass transfer, 
Mathematical models, Organic compounds, Oxida- 
tion, Salts, Surfactants, Thermodynamics. 


This present volume is designed to provide conti- 
nuity with an earlier publication of the same title 
and to evaluate the progress and developments in 
the field of chemical modeling of aqueous systems 
during the past decade. The 41 chapters are 
grouped into eight major topics. The first section 
discusses the new theories used by geochemists to 
describe the interactions of electrolytes in aqueous 
systems, including the ion-interaction, mean-salt, 
and ion-hydration theories. The development and 
documentation of modeling is the subject of the 
second section. The contributions in this section 
emphasize the use of more comprehensive and 
more complete peti data, improvement 
of information among c¢ 

enhancement of the capability to evaluate systems 
under more drastic conditions, and the need to 
increase the specific utility of models for various 
applications. Three sections discuss the applica- 
tions to modeling of equilibrium and mass transfer, 
transport and coupled codes, and surface chemis- 
try. The final three sections address new concerns 
and approaches to future chemical modeling. Sev- 
eral chapters present improvements in modeling 
sensitivities, including error considerations and un- 
certainties in system conditions. Efforts to stand- 
ardize thermodynamic data bases and to develop 
internally consistent data are discussed. The roles 
of organic compounds in aqueous systems, espe- 
cially those materials originating from human ac- 
tivities, are analyzed. (See W90-09847 thru W90- 
09887) (Geiger-PTT) 

W90-09846 





be MODELING OF AQUEOUS SYS- 
Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

R. L. Bassett, and D. C. Melchior. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 1-12. 2 fig, 1 tab, 53 ref, append. 


Descriptors: *Computer programs, *Error analy- 
sis, *Geochemistry, *Ions, *Model studies, *Ther- 
modynamics, *Water chemistry, Chemical reac- 
tions, Electrolytes, Kinetics, Mathematical models, 
Minerals, Numerical analysis, Organic compounds, 
Solvents. 





The concept of chemical modeling of natural hy- 
drologic systems was introduced in a paper that 
described the distribution of chemical species in 
seawater. One distinct trend in the past decade has 
been the cessation of the rapid increase in the 
number of models being developed. An effort to 
document and improve existing models is now 
prevalent. Recent emphasis in code improvement 
centers on more comprehensive and more com- 
plete thermodynamic data, better transportability 
between computer systems, the capability for eval- 
uating systems at higher temperature, pressure and 
ionic strength, and more specific utility of the 
models for environmental, industrial and research 
applications. The ion-interaction, mean salt, and 
ion-hydration theories have replaced the ion asso- 
ciation approach to describe aqueous systems of 
electrolytes. The modeling of mineral/solution-in- 
terfacial reactions now includes submodels to the 
large aqueous speciation models that are more 
sophisticated. In the future, advancements in mod- 
eling will most likely be realized in four broad 
areas: the application of error analysis to the mod- 
eling, speciation of organic ligands and macromo- 
lecules with the adjustment for cosolvents, options 
to the aqueous theory currently used, and the more 
efficient coupling of flow models with chemical 
models. (See also W90-09846) (Geiger-PTT) 
W90-09847 


ACTIVITY COEFFICIENTS IN AQUEOUS 
SALT SOLUTIONS: HYDRATION THEORY 
EQUATIONS. 

Lawrence Livermore National Lab., CA. 

T. J. Wolery, and K. J. Jackson. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 16-29. 3 fig, 1 tab, 17 ref. U. S. Department 
of Energy Contract W-7405-Eng48. 


Descriptors: *Electrolytes, *Geochemistry, *Hy- 
dration, *Model studies, *Saline water, *Water 
chemistry, Ions, Salts, Theoretical analysis, Ther- 
modynamics. 


Thermodynamic modeling of aqueous geochemical 
system depends on function which approximate the 
activity of water and the activity coefficients of the 
solutes. A new set of phenomenological equations 
for describing the activity coefficients of aqueous 
electrolytes was derived, based on the hydration 
theory concept of Stokes and Robinson, but using 
the differentiate down approach in which an ex- 
pression is first defined for the excess Gibbs 
energy. Separate equations are given for the activi- 
ty of water and the activity coefficients of ionic 
solutes. The new equations incorporate an empiri- 
cal but thermodynamically consistent scheme for 
using an average ion size parameter in the Debye- 
Hueckel part of the model. This permits the new 
equations to be applied to mixtures of aqueous 
electrolytes. The new equations, applied to the 
case of a pure aqueous electrolyte, do not reduce 
to the familiar Stokes-Robinson equation owing to 
a minor difference in how the Debye-Hueckel 
model is presumed to apply to formally hydrated 
solutes. As a first step in evaluating the usefulness 
of the equations, a two-parameter (ion size plus 
hydration number) model was fit to data for a 
number of pure aqueous electrolytes. The quality 
of the fits was excellent in many cases, but there 
were indications that more satisfactory results 
would be obtained by fixing reasonable values for 
the ion sizes and compensating for the loss of a 
fitting parameter by including ion pairs in the 
models, by including virial coefficient terms in the 
equations, or both. (See also W90-09846) (Author’s 
abstract) 

W90-09848 


ION-ASSOCIATION MODELS AND MEAN AC- 
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Calculations using the aqueous model from 
WATEQ and an aqueous model modified from 
WATEQ were compared to experimental mean 
activity coefficients for various salts to determine 
the range of applicability and the sources of errors 
in the models. An ion-association aqueous model 
was derived by least-squares fitting of ion-associa- 
tion stability constants and individual-ion, activity- 
coefficient parameters to experimental mean activi- 
ty coefficients for various salts at 25 C. Salts of the 
following cations and anions were considered: 
Al(+3), Ba(+2), Ca(+2), Cd(+2), Co(+2), 
Cs(+), Cu(+2), Fe(+2), H(+), K(+), Li(+), 
Mg(+2), Mn(+2), Na(+), Ni(+2), Pb(+2), 
Sr(+2), Zn(+2), Cli(-), ClO4(-), F(-), OH(-), and 
SO4(-2). The stability constants of the derived 
model and the WATEQ model were in agreement 
for most two-ion complexes but were not in agree- 
ment for most complexes containing three or more 
ions. The largest discrepancies in stability con- 
stants were for complexes Cu(+2), Mn(+2), 
Ni(+2), and Zn(+2) with Cl(-). The derived- 
model calculations matched the experimental data 
for all salts to a concentration of about 2 molal, but 
the parameters of the model could not be defined 
uniquely by the fitting process. Alternative choices 
for the complexes included in the model and for 
the individual-ion, activity-coefficient parameters 
could fit the experimental data equally well. (See 
also W90-09846) (Author’s abstract) 
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Models based on general equations for the excess 
Gibbs energy of aqueous electrolyte mixtures pro- 
vide a thermodynamically consistent basis for eval- 
uating and predicting aqueous electrolyte proper- 
ties. Upon appropriate differentiation, these equa- 
tions yield expressions for osmotic and activity 
coefficients, excess enthalpies, heat capacities, and 
volumes. Thus, a wide array of experimental data 
are available from which model parameters and 
their temperature or pressure dependence can be 
evaluated. The most commonly used model for 
systems of moderate concentration is the ion-inter- 
action approach developed by Pitzer and cowork- 
ers. For more concentrated electrolyte solutions, 
including those extending to the fused salt, an 
alternate model based on a Margules expansion and 
commonly used for nonelectrolytes was proposed 
by Pitzer and Simonson. These two models were 
compared and examples of parameter evaluations 
are given for some geologically relevant systems to 
high temperatures and pressures. Applications of 
the models to calculations of solubility equilibria 
are also shown for the systems NaCl-Na2SO4- 
NaOH-H20 and NaCl-KCI-H20 to temperatures 
up to 350 C. (See also W90-09846) (Author’s ab- 
stract) 

W90-09850 


MODELING SOLID-SOLUTION REACTIONS 
IN LOW-TEMPERATURE AQUEOUS SYS- 
TEMS. 

Geological Survey, Reston, VA. 

P. D. Glynn. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 74-86. 2 fig, 1 tab, 25 ref. 


Descriptors: *Geochemistry, *Minerals, *Model 
studies, *Solubility, *Thermodynamics, *Water 
chemistry, Chemical reactions, Saturation, Stoichi- 
ometry. 


WATER CYCLE—Field 2 


Chemical Processes—Group 2K 


The effect of substitutional impurities on the stabil- 
ity and aqueous solubility of a variety of solids was 
investigated. Stoichiometric saturation, primary 
saturation and thermodynamic equilibrium solubili- 
ties were compared to pure phase solubilities. Con- 
tour plots of pure phase saturation indices (SI) 
were drawn at minimum stoichiometric saturation, 
as a function of the amount of substitution and of 
the excess-free-energy of the substitution. SI plots 
drawn for the major component of a binary solid- 
schution generally show little deviation from pure 
pkase solubility except at trace component frac- 
tions greater than 1%. In contrast, trace compo- 
nent SI plots reveal that aqueous solutions at mini- 
mum stoichiometric saturation can achieve consid- 
erable supersaturation with respect to the pure 
trace-component end-member solid, in cases where 
the major component is more soluble than the 
trace. Field or laboratory observations of miscibili- 
ty gaps, spinodal gaps, critical mixing points or 
distribution coefficients can be used to estimate 
solid-solution excess-free-energies, when experi- 
mental measurements of thermodynamic equilibri- 
um or stoichiometric saturation states are not avail- 
able. As an example, a database of excess-free- 
energy parameters is presented for the calcite, 
aragonite, barite, anhydrite, melanterite and epso- 
mite mineral groups, based on their reported com- 
positions in natural environments. (See also W90- 
09846) (Author’s abstract) 
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A model based on the density of the solvent to- 
gether with the iso-Coulombic form of reactions 
has been used to estimate the pressure dependence 
of ionization constants of aqueous complexes. This 
model reproduces experimentally determined pres- 
sure dependencies of several ionization constants 
of aqueous complexes. Calculated saturation states 
of calcite in seawater are approximately 500 calo- 
ries (100 C, 0.5 kilobars) and approximately 700 
calories (100 C, 1.0 kilobars) greater, and the tem- 
peratures of calcite saturation are approximately 80 
C (0.5 kilobars) and (0.5 kilobars) and approximate- 
ly 40 C (1.0 kilobars) higher, than the values ob- 
tained when the effect of pressure on ionization 
constants is neglected. (See also W90-09846) (Au- 
thor’s abstract) 
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EQ36 is a software package for modeling chemical 
and mineralogic interactions in aqueous geochemi- 
cal systems. The major components of the package 
are EQ3NR (a speciation-solubility code), EQ6 (a 
reaction path code), EQLIB (a supporting library), 
and a supporting thermodynamic data base. 
EQ3NR calculates aqueous speciation and satura- 
tion indices from analytical data. It can also be 





Field 2—WATER CYCLE 


Group 2K—Chemical Processes 


used to calculate compositions of buffer solutions 
for use in laboratory experiments. EQ6 computes 
reaction path models of both equilibrium step proc- 
esses and kinetic reaction processes. These models 
can be computed for closed systems and relatively 
simple open systems. EQ3/6 is useful in making 
purely theoretical calculations, in designing, inter- 
preting, and extrapolating laboratory experiments, 
and in testing and developing submodels and sup- 
porting data used in these codes. The thermody- 
namic data base supports calculations over the 
range 0-300 C. (See also W90-09846) (Author’s 
abstract) 
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SOLMINEQ.88 is an ANSI standard FORTRAN- 
77 geochemical modeling program, based on the 
1973 version of SOLMINEQ and various updated 
versions. The algorithms have been improved, re- 
sulting in faster program execution and tighter 
convergence. SOLMINEQ.88 has a revised ther- 
modynamic data base, including over 270 inorgan- 
ic and 80 organic aqueous species, and 214 miner- 
als. The program calculated the distribution of 
mass minerals at temperatures up to 350 C and 
pressures up to one kilobar. The mixing option in 
SOLMINEQ.838 is particularly useful in modeling 
deep well disposal of industrial waters. SOL- 
MINEQ.88 has a number of new options, including 
the ability to calculate the effects of boiling, mixing 
of solutions and partitioning of gases between 
water, oil and a vapor phase. It has a mass transfer 
option to predict the effects of dissolution and/or 
precipitation of minerals. Ion exchange and an ion 
adsorption options have also been included. A 
number of different options, including the use of 
the Pitzer activity coefficient model, the printing 
of a comprehensive set of geothermometers, activi- 
ty ratios and mass abundances, can be specified at 
run time. Additional minerals and components 
(both anions and cations, including their complex- 
es) can be added at run time. A user-friendly, 
interactive input program, SOLINPUT, is avail- 
able and can be used to update input files. SOL- 
MINEQ.88 PC/SHELL, a user-friendly interac- 
tive, full screen environment for IBM personal 
computers (clones and compatibles) which con- 
trols input, program execution and examination of 
output is also available. (See also W90-09846) (Au- 
thor’s abstract) 
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A computer program that simulates geochemical 
reactions in brines and other concentration electro- 
lyte solutions use the ion-interaction virial-coeffi- 
cient approach for activity-coefficient corrections 
developed by Pitzer. Reaction-modeling capabili- 
ties include calculation of (1) aqueous speciation 
and mineral saturation indices, (2) mineral solubili- 
ties, (3) mixing or titration of aqueous solutions, (4) 
irreversible reactions, and (5) reaction paths, in- 
cluding evaporation. The program’s data base of 
Pitzer interaction parameters includes a partially 


validated data base at 25 C for the system Na-K- 
Mg-Ca-H-Cl-SO4-OH-HCO3-CO3-CO2-H20, and 
largely untested literature data for Fe(II), Mn(ID, 
Sr, Ba, Li, and Br, with provision for calculations 
at temperatures other than 25 C. The need to 
maintain an internally consistent data base of inter- 
action parameters and equilibrium constants is em- 
phasized through an example of the calculated 
solubility of nahcolite in Na2CO3 solutions. The 
choice of activity-coefficient scale has particular 
significance to thermodynamic calculations in 
brines if the measured pH is introduced. The code 
was applied to modeling of brine sample speciation 
on different activity-coefficient scales, calculating 
invariant point in the evaporation of seawater, and 
defining the possibilities and limitations in model- 
ing the initial stages of the evaporation of sea- 
water. (See also W90-09846) (Author’s abstract) 
W90-09856 


RECONSTRUCTION OF REACTION PATH- 
WAYS IN A ROCK-FLUID SYSTEM USING 
MINTEQ. 

Baker (F.G.) Associates, Golden, CO. 

For primary bibliographic entry see Field SB. 
W90-09857 


HYDROGEOCHEMICAL INTERACTIONS 
AND EVOLUTION OF ACIDIC SOLUTIONS IN 
SOIL. 

Weston (Roy F.), Inc., Albuquerque, NM. 

For primary bibliographic entry see Field SB. 
W90-09858 


GEOCHEMISTRY OF ORGANIC ACIDS IN 
SUBSURFACE WATERS. 

Unocal Corp., Brea, CA. Science and Technology 
Div. 

P. D. Lundegard, and Y. K. Kharaka. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 169-189. 9 fig, 5 tab, 40 ref. 


Descriptors: *Computer models, *Geochemistry, 
*Groundwater, *Mathematical models, *Model 
studies, *Organic acids, Acetates, Acetic acid, 
Acidic water, Aluminum, Calcite, Calcium, Degra- 
dation, Hydrogen ion concentration, Iron, Kinet- 
ics, Metal complexes, Subsurface water. 


Integration of field observations, experimental 
data, and computer simulations provides valuable 
insights into the origin and inorganic interactions 
of organic acids and organic acid anions in subsur- 
face waters. Present-day concentrations show sig- 
nificant variations with respect to temperature, 
basin, and reservoir age, reflecting complex inter- 
action of biological, geological, and geochemical 
factors that influence the production or destruction 
of these species. Hydrous pyrolysis experiments 
demonstrate that most dissolved organic acids are 
produced by thermal degradation of kerogen, and 
that variation in kerogen chemistry can cause rela- 
tive generating capacities to vary by a factor of 
two or more between samples of equal thermal 
rank. A mathematical model of the kinetics of 
organic acid generation from kerogen shows that 
variations in thermal gradients can cause signifi- 
cant variations in maximum organic acid concen- 
trations, and in trends of organic acid concentra- 
tions with depth and temperature. Experimental 
and field studies of acetate decarboxylation rates 
indicate that they are strongly affected by tempera- 
ture and catalysis. In nature, halflives of acetate are 
on the order of 20 to 60 million years at 100 C. 
Geochemical models predict that major organic 
acid species: (1) are important proton sources in 
subsurface waters, (2) buffer pH, but increases in 
pCO2 are still likely to favor calcite undersatura- 
tion in most subsurface waters, (3) do not form 
important complexes with Pb, Zn, and U, and (4) 
do form important complexes with Fe, Ca and 
possibly Al. (See also W90-09846) (Author’s ab- 
stract) 
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The effects of coupling chemical reactions and 
fluid flow on the space-time evolution of rock 
dissolution patterns have been investigated using 
two dimensional numerical simulations. The simu- 
lations focus on the nonlinear, positive feedback 
between chemical reactions and flow which arises 
through the permeability of the medium. The feed- 
back may lead to channelization of flow where 
regions of higher permeability capture sufficient 
reactive flow that their own propagation acceler- 
ates at the expense of adjacent areas. The impor- 
tance of the rate of fluid flow, the dispersion 
coefficient, and the rate of reaction on channel 
formation were investigated. The results of the 
simulations indicate that the most effective channel 
propagation occurs when the reactions are trans- 
port-controlled (reaction rate constants faster than 
transport) since in these cases, the channel maxi- 
mizes its own rate of growth by restricting perme- 
ability change to its walls and tip. In this reaction 
regime, the existence and amplitude of channels 
depends primarily on the ratio of the flow velocity 
to the dispersion coefficient and is independent of 
the reaction rate constant. Large ratios of flow 
velocity to dispersion result in large channel ampli- 
tudes and more finely spaced channels. In the 
kinetic rate-controlled reaction regime, permeabil- 
ity change is more diffuse, resulting in a decrease 
in how effectively an individual channel may be 
propagated and an increase in channel branching. 
These generalizations are scale-dependent, howev- 
er, since a given reactive flow regime can produce 
pervasive permeability change at the pore scale 
while causing coherent channels at a regional 
scale. (See also W90-09846) (Author’s abstract) 
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A computational modeling code (EQPS-S) that 
couples sulfur isotope distribution and chemical 
mass transfer reaction calculations was developed. 
Isotopic distribution is calculated using standard 
fractionation factor equations. A post processor 
approach to EQ6 calculations was chosen so that a 
variety of isotopic pathways could be examined for 
each reaction pathway. Two types of major 
bounding conditions were implemented: (1) equi- 
librium isotopic exchange between sulfate and sul- 
fide species or exchange only accompanying chem- 
ical reduction and oxidation events, and (2) exist- 
ence or lack of isotopic exchange between solution 
species and precipitated minerals, parallel to the 
open and closed chemical system formulations of 
chemical mass transfer modeling codes. All of the 
chemical data necessary to calculate isotopic distri- 
bution pathways is generated by most mass transfer 
modeling codes and can be input to the EQPS 
code. Routines are built in to directly handle EQ6 
tabular files. Chemical reaction models of seafloor 
hydrothermal vent processes and accompanying 
sulfur isotopic distribution pathways illustrate the 
capabilities of coupling EQPS-S with EQ6 calcula- 





tions, including the extent of differences that can 
exist due to the isotopic bounding condition as- 
sumptions described above. (See also W90-09846) 
(Author’s abstract) 
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Coupling of precipitation/dissolution reactions to 
diffusive mass transport via porosity changes has 
been implemented in the computer program 
THCC, a simulator of reactive chemical transport. 
The coupling is accomplished without increasing 
the set of primary unknowns. Porosity is included 
explicitly in the transport equations and is tracked 
by accounting for changes of volumes of precipi- 
tates. The coupling prevents the volume of a preci- 
pitated solid from exceeding available pore 
volume. Results of calculations are presented for 
two examples, the transport of silica along a tem- 
perature gradient and precipitation of gypsum at 
constant temperature, each done with and without 
variable porosity. The profiles of fluid-phase con- 
centrations of reactants were identical in the cases 
with and without porosity variations whenever the 
reactive solid was present. This is a n 

consequence of the assumption of chemical equilib- 
rium in the precipitation/dissolution process. How- 
ever, in simulations involving dissolution of a pre- 
viously precipitated solid and transport of the dis- 
solution products, the limitation imposed by avail- 
able porosity on quantities of precipitate may have 
pA considered. (See also W90-09846) (Geiger- 
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When little organic carbon is present in a sediment 
or aquifer, sorption of organic solutes must be 
controlled by mineral surfaces. Adsorption of these 
solutes depends on pH, electrolyte concentration, 
and adsorption of unrelated inorganic ions. Inter- 
actions among adsorbing species can significantly 
enhance or inhibit adsorption. The adsorption of 
anionic and cationic surfactants on quartz and co- 
rundum in the presence of a background electro- 
lyte, and the coadsorption of an anionic surfactant 
enhanced by CA(+-+) have been simulated suc- 
cessfully using HYDRAQL, a chemical speciation 
program including a triple-layer adsorption model. 
Surface ionization constants, electrolyte binding 
constants, and surfactant binding constants were 
determined from five independent experimental in- 
vestigations. Surfactants are assumed to adsorb as 


single ions at low solution concentration and as 
cluster resulting from hydrophobic interactions be- 
tween molecules at high concentration. The simu- 
lation accounts for experimental adsorption densi- 
ties, zeta potentials, and for Ca(+ Bee. coadsorption, 
froth flotation recovery. (See also W90-09846) 
(Author’s abstract) 
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Experimental data for adsorption of Ag, Cd, and 
Zn in two reference systems, Fe(OH)3 and SiO2, 
were reproduced using MICROQL, a chemical 
speciation program, and the constant capacitance 
adsorption model. The FITEQL model calculated 
equilibrium constants from chemical data. The 
modified model was consistent with a process in- 
volving partial SiO2 dissolution and sorption of 
silicate onto Fe(OH)3. The constant capacitance 
model was used to test the mechanistic model and 
estimate the effect of icle interactions on ad- 
sorbate distribution. The model results in agree- 
ment with experimental results, indicated that the 
presence of soluble silica interfered with the ad- 
sorption of the anionic adsorbates but had little 
effect on cationic adsorbates. (See also W90-09846) 
(Author’s abstract) 
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Adsorption processes are most often studied and 
modeled at room temperatures, however, several 
factors act to perturb adsorption phenomena. 
These include shifts in equilibria among solution 
species, changes in the zero point of charge 
(pHzpc) of the sorbent, and changes in the ratio of 
adsorbed to solution phase ions. The magnitude of 
these factors can be predicted with standard ther- 
modynamic relationships if solution and adsorption 
enthalpy data are available. Comparative adsorp- 
tion studies at several temperatures, and calori- 
metry can be used to obtain adsorption enthalpies. 
Relatively few studies have been performed but 
these do suggest that several general trends apply. 
First, the pHzpc of hydrous metal oxides appear to 
decrease with increasing temperature and conse- 
quently, proton adsorption enthalpies are exother- 
mic. Typical values at the pHzpc are -20 to -45 kJ/ 
mole which corresponds to pHzpc changes of less 
than + or -0.5 pH units for 25 + or -20 C. Second, 
anion adsorption decreases with increasing temper- 
ature while metal cation adsorption increases and 
as a result, anion adsorption is exothermic and 
metal cation adsorption endothermic. Available 
data suggest adsorption enthalpies are often + or - 
20 kJ/mole or greater. This implies 20 C tempera- 
ture gradients, which are rather common in tem- 
perate climates, could more than double or halve 
the adsorbed to solution ratio of a particular ion. 
Thus, temperature should be considered an impor- 
tant variable when investigating or modeling ad- 
sorption processes. (See also W90-09846) (Author’s 
abstract) 
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Experiments using hematite particles (70 nano- 
meters in diameter) in the presence of organics 
(phthalic acid, fatty acids, polyaspartic acid, fulvic 
and humic acid) reveal important features of parti- 
cles coagulation dynamics. A light scattering tech- 
nique was used to determine quantitatively the 
initial coagulation rates of hematite particles. Elec- 
trokinetic measurements were taken to obtain the 
sign and magnitude of electrical potential at the 
oxide/aqueous solution interface. Adsorption ex- 
periments were carried out to evaluate affinities of 
aqueous molecules for the metal oxide surface. 
Intrinsic equilibrium constants for surface com- 
plexes are derived from a Surface Complex Forma- 
tion/Diffuse Layer Model (SCF/DLM) account- 
ing for interfacial electrostatic charge and poten- 
tial. Small organic molecules, such as phthalate, 
show specific chemical reaction with the hematite 
surface and influence colloidal hematite coagula- 
tion kinetics by altering interfacial charge and po- 
tential. For fatty acids, hydrophobic interaction, in 
addition to covalent and electrostatic interaction, 
offers a plausible explanation for observed system- 
atic changes in hematite stability and electrokinetic 
data. In the presence of polyelectrolytes, such as 
polyaspartic acid, fulvic and humic acids, a combi- 
nation of specific chemical, electrostatic, and hy- 
drophobic energies of carboxyl segments favors 
adsorption, and these materials have a relatively 
great impact on particle coagulation and stability. 
(See also W90-09846) (Author’s abstract) 
W90-09869 


UNCERTAINTIES IN GROUND WATER 
CHEMISTRY AND SAMPLING PROCEDURES. 
Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 

For primary bibliographic entry see Field 5A. 
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EXPERT SYSTEMS TO SUPPORT GEO- 
CHEMICAL MODELING. 

Ground Water Geochemistry, Houston, TX. 

For primary bibliographic entry see Field 7C. 
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NUMERICAL MODELING OF PLATINUM EH 
MEASUREMENTS BY USING HETEROGENE- 
OUS ELECTRON-TRANSFER KINETICS. 

PTI Environmental Services, Boulder, CO. 

J. H. Kempton, R. D. Lindberg, and D. D. 
Runnells. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 339-349. 5 fig, 2 tab, 20 ref. Electric Power 
Research Institute Contract 8000-16. 


Descriptors: *Conductance, ‘*Electrochemistry, 
*Kinetics, *Model studies, *Numerical analysis, 
*Water chemistry, Electrodes, Iron, Platinum, Po- 
tentiometry, Selenium. 


The measurement of the master Eh of solutions in 
terms of heterogeneous electron-transfer kinetics 
between aqueous species and the surface of a pol- 
ished platinum electrode are evaluated. A prelimi- 
nary model is proposed in which the electrode/ 
solution interface is assumed to behave as a fixed- 
value capacitor, and the rate of equilibration de- 
pends on the net current at the interface. Heteroge- 
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neous kinetics at bright platinum in 0.1 molar KCI 
were measured for the redox couples Fe(III)/ 
Fe(II), Fe(CN)6(-3)/Fe(CN)6(-4), Se(VD/Se(IV), 
and As(V))/As(III). Of the couples considered, 
only Fe(III)/Fe(II) at pH 3 and Fe(CN)6(-3)/ 
Fe(CN)6(-4) at pH 6.0 were capable of imposing a 
Nernstian potential on the platinum electrode. (See 
also W90-09846) (Author’s abstract) 

W90-09873 


USE OF MODEL-GENERATED FE(3+) ION 
ACTIVITIES TO COMPUTE EH AND FERRIC 
OXYHYDROXIDE SOLUBILITIES IN ANAER- 
OBIC SYSTEMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

D. L. Macalady, D. Langmuir, T. Grundl, and A. 
Elzerman. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 350-367. 5 fig, 6 tab, 57 ref. 


Descriptors: *Anaerobic conditions, *Computer 
models, *Dissolved solids, *Geochemistry, 
*Groundwater, *Iron, *Model studies, *Solubility, 
*Water chemistry, Aquifers, Chlorides, Conduct- 
ance, Hydrogen ion concentration. 


Redox conditions, pH and ferric oxyhydroxide so- 
lubilities limit dissolved iron in most natural 
waters. Laboratory studies were performed in an- 
aerobic systems in which Fe(III) activities were 
calculated using the computer model PHREEQE 
with revised formation constants for iron hydroxy 
and chioride complexes. Lab and field Eh measure- 
ments using Pt or wax-impregnated-graphite elec- 
trodes can provide nernstian potentials in the pres- 
ence of measurable Fe(II) at pH’s as high as 6.6. 
This allows calculation of Fe(3+) activities under 
a wide variety of conditions without difficult meas- 
urements of trace (<1 micromoles) Fe(III) con- 
centrations. Also calculated are ferric oxyhydrox- 
ide solubilities, expressed as pQ = - 
log(concentration of Fe(3+))(concentration of 
OH(-))3, which range in general from about 37 to 
44. Laboratory studies in ferric/ferrous chloride 
solutions between pH 2 and 7 indicate an overall 
stoichiometry of 1/(3.06)+ or -0.15, and pQ values 
from about 38 to 41 for ferric oxyhydroxides after 
12-200 hr. These conclusions were supported by 
analyses and modeling of groundwater geochemi- 
cal field data collected at Otis Air Force Base, 
Massachusetts and near Leadville, Colorado. (See 
also W90-09846) (Author’s abstract) 

W90-09874 


ENERGETICS AND CONSERVATIVE PROP- 
ERTIES OF REDOX SYSTEMS. 

California Inst. of Tech., Pasadena. W.M. Keck 
Lab. of Environmental Engineering Science. 

M. J. Scott, and J. J. Morgan. 

IN: Chemical Modeling of Aqueous Systems II. 


American Chemical Society, Washington, DC. 
1990. p 368-378. 3 fig, 3 tab, 10 ref. 


Descriptors: *Conductance, *Dissolved solids, 
*Fate of pollutants, *Geochemistry, *Groundwat- 
er, *Kinetics, *Oxidation, *Path of pollutants, 
*Water chemistry, Dissolved oxygen, Model stud- 
ies, Organic matter, Solubility, Thermodynamics, 
Toxicity. 


The redox status of an aqueous system is described 
by the concentrations of the oxidized and reduced 
species of all system components. The oxidation 
state of a component affects the solubility, adsorp- 
tion behavior, and aqueous toxicity of the compo- 
nent. Redox systems, generally not at equilibrium 
as the result of kinetically slow redox reactions, are 
poorly characterized by intensity factors (Eh or 
pE) alone. Capacity factors, which reflect the total 
concentration of relevant species, are conservative 
parameters that can be meaningful guides to the 
redox status of aqueous systems. Oxidative capac- 
ity (OXC) is defined as a conservative quantity 
that incorporates a comprehensive chemical analy- 
sis of the redox couples of an aqueous system into a 
single descriptive parameter. OXC classifies aque- 
ous systems in terms of well-defined geochemical 
and microbial parameters (e.g., oxic, sulfidic). Ex- 
amples of model and actual groundwater systems 


are discussed to illustrate the concept. The first 
example system is a simple homogeneous closed 
system consisting of 1.0 mm O2(aq) and 0.5 mm 
CH2O(aq). The second example is a hypothetical 
groundwater system where some of the system's 
oxidants are present in the solid phase. A third 
example of OXC is taken from a complete chemi- 
cal analysis of all redox-active species in a pristine 
aquifer sampled on a monthly basis for one year. A 
redox titration model is another tool that is useful 
in describing a redox system as it approaches an 
equilibrium state. (See also W90-09846) (Author’s 
abstract) 

W90-09875 


RATES OF INORGANIC OXIDATION REAC- 
TIONS INVOLVING DISSOLVED OXYGEN. 
Battelle Pacific Northwest Labs., Richland, WA. 
L. E. Eary, and J. A. Schramke. 

IN: Chemical Modeling of Aqueous Systems Ii. 
American Chemical Society, Washington, DC. 
1990. p 379-396. 6 fig, 4 tab, 46 ref. Electric Power 
Research Institute Contract RP2485-03. 


Descriptors: *Copper, *Dissolved oxygen, *Geo- 
chemistry, *Groundwater, *Iron, *Manganese, 
*Oxidation, *Sulfur, *Water chemistry, Arsenic, 
Hydrogen ion concentration, Oxygenation. 


Measured concentrations of redox couples in low 
temperature, aerated groundwaters often yield 
conflicting potentials, making it difficult to define 
system-wide redox conditions for use in equilibri- 
um geochemical models. Redox disequilibrium is 
caused, in part, by the slow rates at which the 
reduced species are oxidized by dissolved O02. To 
describe these rates, literature data were used to 
calculate half-lives for the total Fe(+ +), total S(-- 
), total Cu(+ +), and Mn(+ +) oxygenation reac- 
tions as a function of pH at 0.2 atm O2. These data 
and experimentally measured rates for total 
As(3+) oxygenation yield half-lives that range 
from seconds to years depending on solution con- 
ditions. The large differences in half-lives, which 
are strongly dependent on pH, imply that some 
reduced species are rapidly oxidized, whereas 
others may metastably persist in oxidized environ- 
ments, resulting in redox disequilibrium. The half- 
life versus pH diagrams provide a convenient 
means for comparing oxygenation rates and assess- 
ing likely conditions of disequilibrium between re- 
duced species and the O2(aq)/H2O couple. (See 
also W90-09846) (Author’s abstract) 

W90-09876 


REVISED CHEMICAL EQUILIBRIUM DATA 
FOR MAJOR WATER-MINERAL REACTIONS 
AND THEIR LIMITATIONS. 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

D. K. Nordstrom, L. N. Plummer, D. Langmuir, 
E. Busenberg, and H. M. May. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 398-413. 2 tab, 109 ref. 


Descriptors: *Geochemistry, *Ions, *Minerals, 
*Solubility, *Water chemistry, Chemical reactions, 
Enthalpy, Mathematical models, Model studies, 
Natural waters, Thermodynamics. 


A revised summary of equilibrium constants and 
reaction enthalpies for aqueous ion association re- 
actions and mineral solubilities has been compiled 
from the literature for common equilibria occur- 
ring in natural waters at 0-100 C and 1 bar pres- 
sure. The species have ret — to those con- 
taining the elements Na, K, Li, Ca, Mg, Ba, Sr, Ra, 
Fe(II/IID, Al, Mn(II, III, ivy, S. CG Ch, s(VI and 
F. The necessary criteria for obtaining reliable and 
consistent thermodynamic data for water chemis- 
try modeling are achieved when the following 
criteria are met: the fundamental thermodynamic 
relationships and their consequences are obeyed; 
common scales are used for temperature, energy 
atomic mass and the fundamental physical con- 
stants; conflicts and inconsistencies among meas- 
urements are resolved; an appropriate mathemati- 
cal model is chosen to fit all the temperature and 
pressure dependent data; an appropriate aqueous 
chemical model is chosen to fit all aqueous solution 


data; and an appropriate choice of standard states 
is made and applied to all similar substances. An 
important limitation on the application of equilibri- 
um computations is that minerals that do not show 
reversible solubility behavior should not be as- 
sumed to attain chemical equilibrium in natural 
aquatic systems. (See also W90-09846) (Geiger- 
PTT) 


W90-09877 


SOLUBILITIES OF ALUMINUM HYDROX- 
IDES AND OXYHYDROXIDES IN ALKALINE 
SOLUTIONS. 

Lawrence Berkeley Lab., CA. 

J. A. Apps, and J. M. Neil. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 414-428. 4 fig, 4 tab, 94 ref. Nuclear Regu- 
latory Commission NRC FIN No. B 3040-6. Inter- 
agency Agreement DOE-50-80-97. Department of 
Energy Contract DE-AC03-76SF00098. 


Descriptors: *Aluminum, *Geochemistry, 
*Groundwater, *Minerals, *Solubility, *Thermo- 
dynamics, *Water chemistry, Alkalinity, Chemical 
reactions, Computer models, Enthalpy, Ions. 


The solubilities of gibbsite, boehmite and diaspore 
in alkaline solutions between 20 and 350 C are 
evaluated and their thermodynamic properties rec- 
onciled. The thermodynamic properties of the alu- 
minate ion Al(OH)4(-), are derived over the same 
temperature range and compared with predictions 
based on the revised Helgeson-Kirkham-Flowers 
equation of state. Preliminary thermodynamic 
properties of bayerite and Gibbs free energy of 
formation (enthalpy of formation, 298) for nord- 
strandite are also derived from solubility data in 
alkaline solutions. Log Ks4 values for gibbsite, 
bayerite, boehmite and diaspore between 0 and 350 
C, and thermodynamic data for Al(OH)4(-) are 
tabulated for use in distribution-of-species comput- 
er codes. (See also W90-09846) (Author’s abstract) 
W90-09878 


ALUMINUM HYDROLYSIS REACTIONS AND 
PRODUCTS IN MILDLY ACIDIC AQUEOUS 
SYSTEMS. 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

J. D. Hem, and C. E. Roberson. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 429-446. 4 fig, 5 tab, 49 ref. 


Descriptors: *Acid rain effects, *Acidic water, 
*Aluminum, *Geochemistry, *Hydrolysis, *Path 
of pollutants, *Solubility, *Water chemistry, 
Chemical reactions, Color, Hydrogen ion concen- 
tration, Kinetics, Minerals, Polymerization, Tur- 
bidity. 


Early stages of the hydrolysis and hydroxide po- 
lymerization reactions of aluminum have been 
studied using a constant slow aluminum perchlo- 
rate flux into a solution held at constant pH by 
addition of dilute NaOH from a pH stat, observing 
rates of base addition and periodically determining 
concentrations of the various species of dissolved 
aluminum. Total final Al concentrations generally 
were between .0002 and .0005 molal and holding 
pH’s ranged from 4.75 to 5.20. Polymeric ionic 
species began to form when supersaturation with 
respect to microcrystalline gibbsite reached an af- 
finity of reaction value near 1.0 kcal at ph 4.75, and 
the affinity of reaction value remained nearly con- 
stant during the remainder of the titration. Similar 
behavior, but with somewhat higher affinity of 
reaction values, was observed at higher pH’s with 
a maximum affinity of reaction value near 1.6 kcal 
at pH 5.20. Conditional first order rate constants 
were determined for the formation of polymeric 
ionic units with OH/AI molar ratios from 2.0 to 
2.4. Average log k (rate constant) values/(sec) 
ranged from -4.59 at pH 4.75 to -3.25 at pH 5.20 
for experiments done at 25 C. Rate constants about 
0.5 log units less negative were measured at 35 C, 
and about 0.9 log units more negative at 10 C. 
Species whose OH/AI ratio was greater than 2.4 
were formed at the higher pH’s, and developed 





into microcrystalline gibbsite. Polymeric aluminum 
hydroxide ions and colloidal microcrystalline 
gibbsite may occur in river and lake waters, espe- 
cially those affected by low-pH precipitation, but 
positive identification of such material is difficult. 
(See also W90-09846) (Author’s abstract) 
W90-09879 


EFFECT OF IONIC INTERACTIONS ON THE 
OXIDATION RATES OF METALS IN NATU- 
RAL WATERS. 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. 

For primary bibliographic entry see Field 5B. 
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ROLE OF REACTIVE-SURFACE-AREA CHAR- 
ACTERIZATION IN GEOCHEMICAL KINETIC 
MODELS. 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

A. F. White, and M. L. Peterson. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 461-475. 5 fig, 3 tab, 107 ref. 


Descriptors: *Adsorption, *Geochemistry, *Model 
studies, *Particle size, *Path of pollutants, Kinet- 
ics, Minerals, Roughness coefficient, Silicates, Sur- 
face area. 


Modeling of kinetic and sorption reactions requires 
estimates of the surface area of natural substrates 
which are often difficult to measure directly. A 
synthesis of data indicates that the Brunauer, 
Emmett, and Teller (BET) method for measure- 
ments on fresh surfaces exceed geometric estimates 
by a mean roughness factor of 7 over a wide range 
in particle sizes. Surface roughness factors for nat- 
urally weathered silicates are shown to approach 
200 and are strongly dependent on mineral compo- 
sition. Fractal analysis indicates a dimension of 2.0, 
and a self similarity comparable to a smooth spher- 
ical geometry. Estimates of reactive surface areas 
are commonly related through transition state 
theory to the surface defect density. Data indicate, 
however, that the actual surface dislocation densi- 
ty is lower than commonly assumed and the 
number of surface dislocations that actually repre- 
sent potential reaction sites must be extremely low. 
A compilation of available kinetic models indicates 
that reactive surface areas commonly are one to 
three orders-of-magnitude lower than physical sur- 
face areas, with closer fits for geochemical systems 
having short residence times. (See also W90-09846) 
(Author’s abstract) 
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QUANTITATIVE STRUCTURE-ACTIVITY RE- 
LATIONSHIP MODELS FOR PREDICTING 
AQUEOUS SOLUBILITY: COMPARISON OF 
THREE MAJOR APPROACHES. 

Vanderbilt Univ., Nashville, TN. Dept. of Envi- 
ronmental and Water Resources Engineering. 

N. N. Nirmalakhandan, and R. E. Speece. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 478-485. 2 tab, 16 ref. 


Descriptors: *Aromatic compounds, *Model stud- 
ies, *Organic compounds, *Path of pollutants, 
*Solubility, *Structure-activity _ relationships, 
*Water chemistry, Comparison studies, Molecular 
structure, Polarization, Solvents. 


Three major approaches to the prediction of aque- 
ous solubility of organic chemicals using Quantita- 
tive Structure Activity Relationship (QSAR) tech- 
niques are reviewed: the log p approach, the 
LSER approach, and the connectivity-polarizabi- 
lity approach. The rationale for the log p approach 
is based on the similarity between the dissolution 
of an organic solute in water, and its partitioning 
between two solvents. The LSER approach uses a 
linear combination of three energy terms to model 
solubility related properties in solute-solvent sys- 
tems: the cavity term, the dipolar term, and the 
hydrogen bonding term. The solute-solvent inter- 
actions in the connectivity-polarizability approach 
are modeled using polarizability and the molar 


volume of the solute. Six models derived from 
these three approaches are compared for the qual- 
ity of their fit to the experimental data. Model 1, 
based on the log p approach appears to be the 
simplest to use if either experimental or estimated 
log p values are readily available. In the absence of 
experimental log p data, the results must be accept- 
ed with a high degree of uncertainty, because 
estimated iog p values can introduce additional 
errors. If log p and melting point data are avail- 
able, then Models 2 and 3 could yield more accu- 
rate results, particularly if the solute is a solid at 
room temperature. The LSER approach (Models 4 
and 5) has greater potential in predicting solubility, 
but its practical applicability is limited by the non- 
availability of appropriate parameters or a firm set 
of rules for their estimation. Model 6, based on the 
connectivity-polarizability approach, has the ad- 
vantage of requiring neither experimental data nor 
in-depth knowledge of solute-solvent interaction 
parameters. It covers the largest number of aliphat- 
ic and aromatic solid and liquid solutes with just 
one equation, and in terms of the range of numeri- 
cal values of S (solubility), covers over 12 orders 
of magnitude. The wide coverage and the good 
quality of fit of Model 6 implies greater confidence 
in its predictive ability. (See also W90-09846) 
(Geiger-PTT) 
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EQUILIBRIUM MODEL FOR ORGANIC MaA- 
TERIALS IN WATER. 

Louisiana State Univ., Baton Rouge. Dept. of 
Chemica! Engineering. 

F. R. Groves, and M. El-Zoobi. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
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Descriptors: *Mathematical models, *Model stud- 
ies, *Organic matter, *Path of pollutants, *Solubili- 
ty, *Thermodynamics, Alcohols, Emulsions, 
Fulvic acids, Groundwater pollution, Humic acids, 
Methanol. 


The basic thermodynamic law governing the phase 
equilibrium for the solubility of organic liquids in 
water is the equality of fugacities of all compo- 
nents in the two phases. At a fixed temperature the 
activity coefficients, which are related to the parti- 
tion coefficient, are functions of solution composi- 
tion. Their composition dependence can be ex- 
pressed by various empirical equations such as the 
Van Laar equations or the theoretically well 
grounded UNIQUAC equations. Using one of 
these activity coefficient equations, it is possible to 
calculate liquid-liquid equilibrium behavior of mul- 
ticomponent liquid systems. Simplified equations 
are presented for organic materials that exhibit low 
mutual solubilities with water. Models are present- 
ed for the effect of a cosolvent completely miscible 
with water on the solubility of a sparingly soluble 
material, such as the effect on hydrocarbon solubil- 
ity of methanol or ethanol added to gasoline as an 
octane enhancer. The prediction of the cosolvent 
partition coefficient is based on the basic equilibri- 
um equation applied to cosolvent, where two ac- 
tivity coefficients are computed from an activity 
coefficient correlation. In this computation the 
small amount of water in the hydrocarbon phase is 
neglected as is the trace of hydrocarbon in the 
water phase. Thus the aqueous phase is treated as a 
mixture of water and completely miscible cosol- 
vent while the organic phase is considered a mix- 
ture of hydrocarbon with miscible cosolvent. The 
one constant version of the Wilson equation is used 
to correlate the activity coefficients for the cosol- 
vent. The solubility of organic solids uses the basic 
equilibrium condition of equality of fugacities in 
the two phases, solid and water. For the condition 
of mixtures of solids, if the two solids do not form 
a solid solution, the unlike molecules should exhibit 
negligible interaction in the aqueous phase and the 
water phase activity coefficients should be the 
same as for pure solids. Under these conditions, the 
solubility of the mixture should be the sum of the 
small solubilities of the pure solids. In the field, the 
solubility may be greater than under controlled 
laboratory conditions, due to the formation of mi- 
croemulsions, and the effect of high molecular 
weight dissolved organic matter such as humic and 
fulvic acids. (See also W90-09846) (Geiger-PTT) 
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IMPORTANCE OF ORGANIC-INORGANIC 
REACTIONS TO MODELING WATER-ROCK 
INTERACTIONS DURING PROGRESSIVE 
CLASTIC DIAGENESIS. 
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Inst. 
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IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
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Descriptors: *Diagenesis, *Geochemistry, *Model 
studies, *Rocks, *Sand, *Sulfates, Aluminum, Car- 
bonate rocks, Chemical reactions, Minerals, Oxida- 
tion, Sedimentation, Silicates. 


Diagenesis of clastic rocks is a function of the 
chemical interaction between formation water and 
rock; thus, the evolution of diagenetically active 
species in formation waters is important to model- 
ing clastic diagenesis. Several organic-inorganic 
interactions play key roles in-establishing dynamic 
diagenetic pathways or diagenetic facies of reser- 
voir sands. Carboxylic acid anions (CAA) evolve 
as a product of microbial action, thermal matura- 
tion of sedimentary organic material, abiotic sulfate 
reduction, and mineral oxidation of dissolved or- 
ganics. CAA’s are important to buffering both 
formation water Eh and pH and have the capacity 
to transport Al and Si from aluminosilicate dissolu- 
tion. At temperatures from about 100 to 140 C, 
abiotic sulfate reduction of hydrocarbons to hydro- 
gen sulfide and bicarbonate begins to become dia- 
genetically important in deep sedimentary se- 
quences with a sulfate source. H2S is corrosive to 
feldspars and carbonates and also provides a sink 
for Fe via pyrite precipitation. The relative timing 
of these species’ generation allows construction of 
a generalized organic-inorganic diagenetic model, 
which predicts generalized diagenetic mineralogy 
and organic-inorganic reaction pathways. (See also 
W90-09846) (Author’s abstract) 
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COPPER COMPLEXATION BY NATURAL OR- 
GANIC MATTER IN GROUND WATER. 

Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 
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American Chemical Society, Washington, DC. 
1990. p 508-518. 4 fig, 2 tab, 44 ref. 


Descriptors: *Copper, *Groundwater, *Metal 
complexes, *Organic matter, *Path of pollutants, 
*Water chemistry, Fate of pollutants, Fulvic acids, 
Hydrogen ion concentration, Models, Potentio- 
metry, Speciation, Voltammetry. 


Complexation of Cu(++) by natural organic 
matter in groundwater was studied by complexo- 
metric titrations monitored by ion-selective elec- 
trode potentiometry (ISE), fluorescence quenching 
(FQ), and cathodic stripping voltammetry (CSV). 
The titrations were analyzed using single-and 
multi-ligand models. At the natural groundwater 
pH values there was good agreement between 
model ligand concentrations and conditional stabil- 
ity constants determined by the three methods. At 
lower pH values the FQ and ISE results diverged. 
The ISE results are roughly comparable to pub- 
lished ISE results. The FQ results, however, show 
stronger complexation than published results. For 
total Cu concentrations from .01 to 10 micromoles, 
Cu binding could be described by three model 
ligands at concentrations of .05, .2, and 10 micro- 
moles having log stability constants of 10.1, 8.5, 
and 5.5, respectively. For this range of total Cu 
concentrations, complexes formed with natural or- 
ganic matter are predicted to dominate Cu specia- 
tion. The empirical complexation parameters are 
strictly valid only for the groundwaters, conditions 
(e.g. pH), and total Cu concentrations used in the 
present work. However, they should also be useful 
for exploratory modeling. (See also W90-09846) 
(Author’s abstract) 

W90-09885 





Field 2—WATER CYCLE 


Group 2K—Chemical Processes 


KINETICS OF RARE EARTH METAL BIND- 

ING TO AQUATIC HUMIC ACIDS. 

Florida State Univ., Tallahassee. Dept. of Chemis- 

try. 

For primary bibliographic entry see Field 5B. 
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MICROSCALE PROCESSES IN POROUS 
MEDIA: TRANSPORT OF CHLORINATED 
BENZENES IN POROUS AGGREGATES. 
Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

For primary bibliographic entry see Field 5B. 
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CORROSIVE GROUND WATER IN THE KIRK- 
WOOD-COHANSEY AQUIFER SYSTEM IN 
THE VICINITY OF OCEAN COUNTY, EAST- 
CENTRAL NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

G. R. Kish, J. L. Barringer, and R. L. Ulery. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 87-4181, 
1989. 1 sheet, 4 ill, 1 tab, 19 ref. 


Descriptors: *Atlantic Coastal Plain, *Corrosion, 
*Groundwater quality, *New Jersey, Aggressive 
index, Alkalinity, Kirkwood-Cohansey aquifer 
system, Ocean County, Water quality. 


Corrosive groundwater, which has been linked to 
trace-metal leaching from plumbing materials in 
Europe and the United States, has been identified 
in the Coastal Plain of New Jersey. The corrosive- 
ness of groundwater in the Kirkwood-Cohansey 
aquifer system in New Jersey has been estimated 
by calculating values for the Aggressive Index, 
using groundwater chemistry data. A contour map 
of Aggressive-Index values shows that groundwat- 
er is very corrosive in the vicinity of Ocean 
County, New Jersey. Areas with the least corro- 
sive water are generally along the coast, whereas 
areas with the most corrosive water are farther 
inland. (USGS) 
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HYDROLOGIC AND GEOCHEMICAL MONI- 
TORING IN LONG VALLEY CALDERA, 
MONO COUNTY, CALIFORNIA, 1986. 
Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7B. 
W90-09899 


ISOTOPE TECHNIQUES IN 
SOURCES DEVELOPMENT. 
For primary bibliographic entry see Field 7B. 
W90-09951 


WATER RE- 


ISOTOPIC CHARACTERIZATION OF THE 
THERMOMINERAL WATERS OF THE 
FRANCO-ITALIAN NORTHERN ALPS (CAR- 
ACTERISATION ISOTOPIQUE DES EAUX 
THERMOMINERALES DES ALPES DU NORD 
FRANCO-ITALIENNES). 

Grenoble-1 Univ. (France). Unit of Geology. 

For primary bibliographic entry see Field 2F. 

WwW 952 


SCAVENGING OF ATMOSPHERIC POLLUT- 
ANTS BY CLOUDS AND PRECIPITATION BY 
MEANS OF A VERTICAL WIND TUNNEL. 
PHASE 1 (AUSWASCHEN VON ATMOSPHAR- 
ISCHEN SPURENSTOFFEN DURCH WOLKEN 
UND NIEDERSCHLAG MITTELS EINES VER- 
TIKALEN WINDKANALS). 

Mainz Univ. (Germany, F.R.). Meteorological 
Inst. 

H. R. Pruppacher, and J. Gutenberg. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as DE88-756823. 
Price codes: A04 in paper copy, AO1 in microfiche. 
53p. 28 fig, 3 tab. English summary. 


Descriptors: *Air pollution, *Atmospheric chemis- 
try, *Chemical interactions, *Cloud physics, *Pre- 


cipitation, *Water pollution sources, *Wind tun- 
nels, Air circulation, Noble gases, Particle size, 
Precipitation scavenging. 


The design and performance characteristics of a 
vertical wind tunnel adapted for research in cloud 
physics and atmospheric chemistry are described. 
The Prandtl-Type wind tunnel is driven by the 
suction of air into a vacuum through a sonic valve 
which, together with a specially designed honey- 
comb screen, concentration section, provides a 
positive velocity control and flow of extremely 
low turbulence. This air stream quality allows 
freely suspended water drops of diameters between 
20 micrometers and 9 millimeters, ice crystals and 
snow flakes of diameters between 500 micrometers 
and 3 centimeters and graupel particles and hail- 
stones of diameters of several millimeters to sever- 
al centimeters. An air conditioning system allows 
the complete control of the temperature, humidity 
and aerosol content of the air so that a wide range 
of physical conditions in atmospheric clouds can 
be simulated. Preliminary experiments with the 
tunnel show that quantitative studies are possible: 
(1) of the rates at which atmospheric pollutants as 
aerosol particles and trace gases become incorpo- 
rated by cloud drops, raindrops and ice particles, 
and the mechanisms which control this incorpora- 
tion; (2) of the chemical reactions taking place 
inside these particles; (3) of the desorption of trace 
gases from these particles; (4) of the drop to parti- 
cle conversion; and (5) of numerous other basic 
microphysical processes in atmospheric clouds. 
The results of these investigations will provide 
valuable input into models which describe the 
scavenging behavior of convective and stratiform 
clouds. (Author’s abstract) 

W90-10062 


FACTORS CONTRIBUTING TO  DIFFER- 
ENCES IN ACID NEUTRALIZING CAPACITY 
AMONG LAKES IN THE WESTERN UNITED 
STATES. 

Northrop Services, Inc., Corvallis, OR. 

For primary bibliographic entry see Field 2H. 
W90-10095 


LABORATORY STUDY OF THE EFFICIENCY 
WITH WHICH AEROSOL PARTICLES ARE 
SCAVENGED BY SNOW FLAKES. 

Mainz Univ. (Germany, F.R.). Inst. of Meteorolo- 
gie. 

For primary bibliographic entry see Field 2C. 
W90-10166 


NUMERICAL SIMULATION OF THE CHEM- 
ISTRY OF A RAINBAND. 

McGill Univ., Montreal (Quebec). Dept. of Mete- 
orology. 

H. G. Leighton, M. K. Yau, A. M. MacDonald, J. 
S. Pitre, and A. Giles. 

Atmospheric Environment ATENBP, Vol. 24A, 
No. 5, p 1211-1217, 1990. 6 fig, 3 tab, 23 ref. 


Descriptors: *Acid rain, *Chemistry of precipita- 
tion, *Mathematical models, *Model studies, *Path 
of pollutants, *Rain, *Sulfates, Atmospheric chem- 
istry, Cloud chemistry, Precipitation, Simulation 
analysis. 


Comparisons between the observations of a rain- 
band and the results of a numerical simulation with 
a two-dimensional dynamical chemical model are 
presented. The simulation produced sulphate con- 
centrations in the precipitation that agreed reason- 
ably well with the observations, suggesting that 
the treatment of the major pathways for sulfate in 
rain is satisfactory. Oxidation within a cloud was 
found to be a relatively unimportant pathway for 
this particular precipitation system. The two most 
important sources of sulfates in rain were found to 
be the nucleation of sulphate aerosol and washout. 
(Author’s abstract) 

W90-10167 


MID-LATITUDE NORTHERN HEMISPHERE 
BACKGROUND SULFATE CONCENTRATION 
IN RAINWATER. 

Oregon State Univ., Corvallis. Dept. of Atmos- 


pheric Sciences. 
For primary bibliographic entry see Field 2B. 
W90-10169 


LABORATORY DETERMINATION OF CHLO- 
RIDE DirFUSION COEFFICIENT IN AN 
INTACT SHALE, 

University of Western Ontario, London. Geotech- 
nical Research Centre. 

For primary bibliographic entry see Field 5B. 
W90-10171 


GEOCHEMICAL FACTORS CONTROLLING 
THE MOBILIZATION OF INORGANIC CON- 
STITUENTS FROM FOSSIL FUEL COMBUS- 
TION RESIDUES: I. REVIEW OF THE MAJOR 
ELEMENTS. 

Battelle Pacific Northwest Labs., Richland, WA. 
Environmental Sciences Dept. 

For primary bibliographic entry see Field 5B. 
W90-10184 


GEOCHEMICAL FACTORS CONTROLLING 
THE MOBILIZATION OF INORGANIC CON- 


Environmental Sciences Dept. 
For primary bibliographic entry see Field 5B. 
W90-10185 


PROCESSES OF IRON AND MANGANESE RE- 
TENTION IN LABORATORY PEAT MICRO- 
= SUBJECTED TO ACID MINE DRAIN- 
AGE. 

Villanova Univ., PA. Dept. of Biology. 

For primary bibliographic entry see Field SB. 
W90-10195 


SOLUBILITY OF MAJOR SPECIES IN PRE- 
CIPITATION: FACTORS OF VARIATION. 
Paris-7 Univ. (France). Lab. de Physico-Chimie de 
l Atmosphere. 

J. L. Colin, J. L. Jaffrezo, and J. M. Gros. 
Atmospheric Environment ATENBP, Vol. 24A, 
No. 3, p 537-544, 1990. 5 fig, 2 tab, 28 ref. French 
Ministry of the Environment DEFORA Grant 
852118. 


Descriptors: *Acid rain, *Air pollution, *Chlorine, 
*Heavy metals, *Path of pollutants, *Pollutant 
identification, *Precipitation, *Solubility, *Sulfur, 
Aluminum, Calcium, France, Hydrogen ion con- 
centration, Iron, Potassium, Variability, Zinc. 


The soluble and insoluble fractions of chlorine, 
sulfur, potassium, calcium, zinc, aluminum and iron 
have been analyzed in precipitation events collect- 
ed in two rural sites in France, six in Brittany and 
29 in the Vosges. The results are compatible with 
those of previous studies: chlorine and sulfur are 
soluble to the extent of more than 97%; potassium, 
calcium and zinc are more variable, with insoluble 
fractions up to 13%; aluminum and iron are 
present in insoluble forms to the extent of about 
80%. Large solubility variations are found for po- 
tassium, zinc and aluminum, with significant corre- 
lation with the pH for aluminum. The soluble 
percentages of potassium and aluminum are greater 
in the Vosges for precipitation events associated 
with air masses originating from the north and east 
sectors with high anthropogenic activities and high 
acidities. For a sequentially collected snow event, 
it is shown that although the pH is stable, the 
soluble and insoluble aluminum forms evolve dif- 
ferently, indicating differentiated enrichments and/ 
or scavenging phenomena. (Author’s abstract) 
W90-10210 


UNIFIED WET DEPOSITION DATA SUMMA- 
RIES FOR NORTH AMERICA: DATA SUMMA- 
RY PROCEDURES AND RESULTS FOR 1980- 


1986. 
Battelle-Northwest, Richland, WA. 
For primary bibliographic entry see Field 7A. 





W90-10212 


PHYSICO-CHEMICAL AND BIOLOGICAL 
PROPERTIES OF EFFLUENT-AFFECTED 
SOIL AT VARANASI, INDIA. 

Banaras Hindu Univ., Varanasi (India). Centre for 
Advanced Study in Botany. 

For primary bibliographic entry see Field 5C. 
Ww90-10215 


CHELATION ION CHROMATOGRAPHY AS A 
METHOD FOR TRACE ELEMENTAL ANALY- 
SIS IN COMPLEX ENVIRONMENTAL AND 
BIOLOGICAL SAMPLES. 

National Inst. of Standards and Technology 


(NML), Gaithersburg, MD. Center for Analytical 
Chemistry. 

For primary bibliographic entry see Field 5A. 
Ww90-10221 


STABLE OXYGEN ISOTOPE DISTRIBUTION 
IN THE HUANGHE (YELLOW RIVER) AND 
THE CHANGJIANG (YANGTZE RIVER) ESTU- 
ARINE SYSTEMS. 

Institut de Biogeochimie Marine, 
(France). 

For primary bibliographic entry see Field 2L. 

90-10238 


Montrouge 


PREDICTION OF MINERAL SOLUBILITIES 
IN NATURAL WATERS: A CHEMICAL EQUI- 
LIBRIUM MODEL FOR THE NA-K-CA-MG- 
CL-SO4-H20 SYSTEM AT TEMPERATURES 
BELOW 25 DEGREES. 

Calgary Univ. (Alberta). Dept. of Geology and 
Geophysics. 

R. J. Spencer, N. Moller, and J. H. Weare. 
Geochimica et Cosmochimica Acta GCACAK, 
Vol. 54, No. 3, p 575-590, March 1990. 14 fig, 3 
tab, 36 ref. 


Descriptors: *Minerals, *Model studies, *Natural 
waters, *Seawater, *Solubility, *Temperature ef- 
fects, *Water chemistry, Brines, Chlorides, Equi- 
librium, Magnesium, Potassium, Prediction, 
Sodium, Sulfates. 


A low temperature thermochemical model was 
developed for the system Na-K-Ca-Mg-Cl-SO4- 
H20. Aqueous species and standard chemical po- 
tentials of solid-solution reactions were modeled 
from published data for binary and ternary solu- 
tions. The temperature range below 25 deg (to 
near -60 deg) was emphasized, although the model 
parameters were fitted to merge smoothly with 
those of higher temperature models at tempera- 
tures between 25 and 100 deg. Binary and ternary 
specific ion interaction terms vary independently 
with temperature and were modeled using freezing 
point depression and mineral solubility measure- 
ments. The standard chemical potential of the ice- 
water reaction was fitted independent of the model 
(from vapor pressure and free energy data). Re- 
maining standard chemical potentials of solid-solu- 
tion reactions were fitted along with the specific 
ion interaction terms. Model predictions were 
tested against published data for minerals formed 
and brine compositions obtained by chilling sea- 
water to the eutectic (about -54 deg). The model 
predicts the sequence of solid phases observed to 
precipitate from chilled seawater (ice-mirabilite- 
hydrohalite-sylvite-MgCl2-12H2O-antarcticite). 
For all but mirabilite model temperatures are 
within the uncertainty of the measured tempera- 
ture. The compositions of brines predicted by the 
model also closely follow the observed composi- 
tions. The model allows accurate predictions of the 
freezing points of simple and complex solutions in 
the system. Low temperature phase equilibria and 
mineral solubilities may also be predicted. The 
model may be used to determine the composition 
of brines in fluid inclusions in the multicomponent 
system based on low temperature phase 
equilibria.(Author’s abstract) 

W90-10239 


EFFECT OF ACID DEPOSITION ON CATION 
FLUXES IN_ ARTIFICIALLY ACIDIFIED 
CATCHMENTS IN WESTERN NORWAY. 


Norsk Inst. for Vannforskning, Oslo. 
For primary bibliographic entry see Field 5C. 
W90-10240 


GEOCHEMISTRY OF SUBGLACIAL CAL- 
CITES: IMPLICATIONS FOR THE HYDROLO- 
GY OF THE BASAL WATER FILM. 

Cambridge Univ. (England). Dept. of Geography. 
For primary bibliographic entry see Field 2C. 
W90-10261 


TRACE METALS IN THE WATER COLUMN. 
Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

P. A. Yeats. 

Canadian Bulletin of Fisheries and Aquatic Science 
CBFSDB, Vol. 220, p 79-98, 1988. 7 fig, 4 tab, 35 
ref. 


Descriptors: *Estuaries, *Geochemistry, *Gulf of 
St Lawrence, *Path of pollutants, *Rivers, *Sedi- 
ments, *St Lawrence Estuary, *Trace metals, Alu- 
minum, Cadmium, Canada, Chromium, Cobalt, 
Copper, Deposition, Diagenesis, Fate of pollutants, 
Gulfs, Heavy metals, Iron, Lead, Lithium, Manga- 
nese, Mercury, Model studies, Nickel, Reviews, 
Zinc. 


Rivers are generally identified as the main sources 
of trace metals to the ocean. A number of geo- 
chemical processes affect the transport of river- 
derived metals through estuarine and coastal envi- 
ronments. These include deposition and resuspen- 
sion of metal-containing particles, precipitation or 
dissolution reactions, and diagenetic release of dis- 
solved metals from sediments. Studies on the distri- 
bution and geochemistry of trace metals, including, 
Li, Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Hg, and 
Pb, in the St. Lawrence Estuary and Gulf of St. 
Lawrence are reviewed. Trace metal models have 
been developed for the St. Lawrence Estuary and 
Gulf. The models indicate estuarine trace metal 
fluxes that are indicative of processes that result in 
the preferential removal of particulate metal com- 
pared to suspended particulate matter at Pte. aux 
Orignaux, in the middle of the turbidity maximum 
zone. Throughout the rest of the system, particu- 
late metal effluxes decrease. Final Co, Ni, Cu, Zn, 
and Cd effluxes are 50%-75% of the freshwater 
input. Dissolved Mn is unusual in that final net 
efflux at Cabot Strait is equal to the freshwater 
input, indicating no net removal of dissolved Mn in 
the Gulf of St. Lawrence. (Sand-PTT) 

W90-10288 


TRACE METAL GEOCHEMISTRY OF GULF 
OF ST. LAWRENCE SEDIMENTS. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

D. H. Loring. 

Canadian Bulletin of Fisheries and Aquatic Science 
—— Vol. 220, p 99-122, 1988. 9 fig, 7 tab, 30 
ref. 


Descriptors: *Estuaries, *Geochemistry, *Gulf of 
St Lawrence, *Path of pollutants, *Sediments, *St 
Lawrence Estuary, *Trace metals, Arsenic, Beryl- 
lium, Cadmium, Canada, Chromium, Cobalt, 
Copper, Fate of pollutants, Gulfs, Heavy metals, 
Lead, Lithium, Mercury, Nickel, Reviews, Vana- 
dium, Zinc. 


The Gulf of St. Lawrence sediments are the largest 
repository for, and source of, transition and heavy 
metals in the eastern Canadian coastal environ- 
ment. The metals residing in the sediments have 
been introduced into the estuarine and coastal en- 
vironment of the Gulf in solution and as part of, or 
in association with, solid organic and inorganic 
particles. This material has been, and is being, 
supplied from natural and, for some elements, an- 
thropogenic sources and deposited in response to 
past and present depositional conditions. The abun- 
dance, distribution and partition of Zn, Cu, Pb, Cd, 
Co, Ni, Cr, V, Hg, Be, Li, and As are described in 
the sediments of the Estuary and Gulf of St. Law- 
rence. Factors that control the dispersal of these 
elements in the sediments of the Gulf of St. Law- 
rence region include organic carbon and carbonate 
contents, the major elements, and non-detrital iron 


WATER CYCLE—Field 2 


Chemical Processes—Group 2K 


and manganese. Although the actual contribution 
of the metals to the upper estuarine sediments is 
relatively small, the absolute quantities being sup- 
plied from natural and industrial sources may lead 
to excessive accumulation in the Upper Estuary 
and a continual input of the elements to the sea- 
ward sediments in the future. (Sand-PTT) 
W90-10289 


HIGH PERFORMANCE LIQUID CHROMA- 
TOGRAPHY DETECTION OF PHOTOTRO- 
PHIC BACTERIAL PIGMENTS IN AQUATIC 
ENVIRONMENTS. 

Kinneret Limnological Lab., Tiberias (Israel). 

For primary bibliographic entry see Field 2H. 
W90-10301 


SENSITIVE CHROMATOGRAPHIC METHOD 
FOR THE DETECTION OF PYRUVYL 
GROUPS IN MICROBIAL POLYMERS FROM 
SEDIMENTS. 

California State Univ., Long Beach. Dept. of 
Microbiology. 

For primary bibliographic entry see Field 2H. 
W90-10302 


ROLE OF SNOWCOVER ON DIURNAL NI- 
TRATE CONCENTRATION PATTERNS IN 
STREAMFLOW FROM A FORESTED WATER- 
SHED IN THE SIERRA NEVADA, NEVADA, 
USA. 

Washington Univ., Seattle. Coll. of Forest Re- 
sources. 

J. J. Rhodes, C. M. Skau, and D. L. Greenlee. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 157-166, 6 fig, 
27 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Diurnal variation, *Forest watersheds, *Ni- 
trates, *Snowmelt, *Streamflow, *Water quality, 
Groundwater quality, Nevada, Nitrogen, Runoff, 
Sierra Nevada Mountains, Snow cover. 


In-basin hydrology was monitored intensively con- 
current with chemical samples for NO3-N concen- 
trations in snow, vadose water, groundwater, over- 
land flow and streamwater in a small headwater 
stream in the Sierra Nevada. Denitrification rates 
from a meadow within the watershed were meas- 
ured in the field. Mean NO3-N concentrations 
were: 0.037 mg/L for snow; 0.001 mg/L for 
groundwater; and 0.097 mg/L for overland flow. 
NQ3-N concentrations in the stream remained 
<0.001 mg/L except during the generation of 
hydrograph peaks by snowmelt. When the water- 
shed was snow covered, peak nitrate concentra- 
tions in the stream coincided with discharge 
maxima. As snowcover was melted off the lower 
watershed, nitrograph maxima became lagged 
behind peak discharge, a common pattern during 
snowmelt in the Sierra Nevada. The lagged pattern 
results from the operation of biological NO3-N 
removal mechanisms which are light and/or tem- 
perature sensitive, The removal mechanisms are 
denitrification, uptake by plants and in-stream 
uptake by periphyton; all have diurnal patterns of 
uptake after snowcover removal due to diurnal 
heating and irradiance. The removal mechanisms 
are dormant or steady beneath the insulating snow 
cover which excludes light; hence lagging does not 
occur during complete snow cover. By controlling 
both runoff mechanisms and light and heat deliv- 
ery to the watershed, snowcover strongly affects 
concentration patterns of NO3-N during snowmelt. 
(See also W90-10434) (Author’s abstract) 
W90-10452 


MASS TRANSFER OF ION-EXCHANGING 
POLLUTANTS IN GROUNDWATER. 
Organization for Engineering Geology and Hydro- 
geology, Kosice (Czechoslovakia). 

For primary bibliographic entry see Field 5B. 
W90-10506 





Field 2—WATER CYCLE 


Group 2K—Chemical Processes 


SIMULATION OF GROUNDWATER FLOW 
AND REDOX PROCESSES AROUND BANK- 
FILTRATION WELLS. 

Vizgazdalkodasi Tudomanyos Kutato Intezet, Bu- 
dapest (Hungary). 

For primary bibliographic entry see Field 2F. 
W90-10507 


CHEMICAL 
MOVEMENT. 
Geological Survey, Denver, CO. 

H. W. Olsen, E. N. Yearsley, and K. R. Nelson. 
IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 
DC. 1989. p 65-72, 2 fig, 21 ref. 


CAUSES OF GROUNDWATER 


Descriptors: *Chemical interactions, *Geochemis- 
try, *Geohydrology, *Groundwater chemistry, 
*Groundwater movement, *Osmosis, *Water 
chemistry, Calcium chloride, Clays, Diffusion, Hy- 
drologic models, Kaolinite, Porous media, Sodium 
chloride. 


It became widely recognized during the 1960's that 
chemico-osmosis is a mechanism by which chemi- 
cal gradients cause groundwater to move from 
dilute to more concentrated pore-fluid solutions in 
densely compacted materials of high-exchange ca- 
pacity in deep sedimentary basins. Since then, addi- 
tional mechanisms have been identified that cause 
groundwater movement in response to chemical 
gradients and reactions, namely, diffusion-osmosis 
and electro-osmosis. Moreover, research concern- 
ing electro-osmosis, and landslides induced by 
chemically-driven electro-osmosis, suggest that 
chemical causes of groundwater movement may be 
of more importance in geomechanical processes 
than has yet been recognized. An experimental 
system has been developed to investigate the near- 
surface conditions where chemical causes of 
groundwater movement are significant. Prelimi- 
nary data on a loosely compacted specimen of 
kaolinite, having a void ratio of 1.043 and a thick- 
ness of 2.55 cm, demonstrate diffusion-osmosis in 
terms of osmotic pressures on the order of 5 to 10 
cm water in response to diffusion of 1 molar 
sodium chloride and 1 molar calcium chloride so- 
lutions through the specimen. (See also W90- 
10501) (Author’s abstract) 

W90- 10509 


ACID PERCOLATION AND DISINTEGRA- 
TION, TRANSFORMATION AND MOBILIZA- 
TION OF SOME SUBSTANCES IN FINNISH 
QUATERNARY DEPOSITS. 

National Board of Waters, Helsinki (Finland). 
Water and Environment Research Inst. 

For primary bibliographic entry see Field 5B. 
W90-10520 
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TRANSPORT, METABOLISM, AND DETOXI- 
FICATION OF HYDROGEN SULFIDE IN ANI- 
MALS FROM SULFIDE-RICH MARINE ENVI- 
RONMENTS. 

Scripps Institution of Oceanography, La Jolla, CA. 
G. N. Somero, J. J. Childress, and A. E. Anderson. 
Reviews in Aquatic Sciences RAQSEL, Vol. 1, 
No. 4, p 591-614, 1989. 8 fig, 5 tab, 114 ref. NSF 
Grants PCM83-02001, OCE83-00983, OCE83- 
11257, and OCE86-10514; ONR contract N00014- 
87-K-0012. 


Descriptors: *Detoxification, *Fate of pollutants, 
*Hydrogen sulfide, *Literature review, *Marine 
animals, *Marine bacteria, *Marine environment, 
*Metabolism, *Sulfur bacteria, Animal metabolism, 
Annelids, Gastropods, Mangrove swamps, Mol- 
lusks, Path of pollutants, Symbiosis. 


A wide range of marine habitats, including deep- 
sea hydrothermal vents, marine hydrocarbon 
seeps, eel-grass beds, anoxic basins, mangrove 
swamps, deep-sea groundwater seeps, and sites 
where human activities deposit large amounts of 
reduced carbon compound into the seas, contain 


hydrogen sulfide at concentrations ranging from 
the low micromolar to high millimolar levels. In- 
terest in the mechanisms used by marine animals 
living in sulfide-rich environments to tiansport, 
metabolize, and detoxify hydrogen sulfide has 
grown from the discovery that a variety of meta- 
zoans, including bivalve and gastropod mollusks, 
vestimentiferan tube worms, and annelid worms, 
living in diverse sulfide-rich environments, harbor 
symbiotic sulfur bacteria. In these animal-sulfur 
bacteria symbioses, two major classes of adapta- 
tions are of critical importance. First, in the con- 
text of detoxification of sulfide, adaptations that 
prevent poisoning of aerobic respiration by sulfide 
are needed if these symbioses are to retain efficient 
aerobic pathways of ATP generation. A second 
class of adaptation concerns the exploitation of 
energy found in the highly reduced sulfide mole- 
cule. For the animal hosts that lack mechanisms for 
ingesting particulate food, a reliance on energy 
from sulfide for driving ATP synthesis and net 
carbon dioxide fixation may be a critical feature of 
the biology of the symbioses. In these animals, 
mechanisms must be present for extracting sulfide 
from the water and delivering it to the symbiotic 
bacteria which contain the enzymes of the Calvin- 
Benson cycle. This review article focuses on these 
two important classes of adaptations to sulfide. 
(Sand-PTT) 

W90-09625 


VIRUSES AS PARTNERS IN SPRING BLOOM 
MICROBIAL TROPHODYNAMICS. 

Bergen Univ. (Norway). Dept. of Microbiology 
and Plant Physiology. 

For primary bibliographic entry see Field 2H. 
W90-09632 


SEASONAL AND INTERANNUAL VARIABILI- 
TY OF CURRENT, TEMPERATURE AND SA- 
LINITY OFF SOUTHWEST NOVA SCOTIA. 
Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Dept. of Fisheries and Oceans. 

P. C. Smith. 

Canadian Journal of Fisheries and Aquatic Sci- 
ences CJFSDX, Vol. 46, No. S1, p 4-20, 1989. 16 
fig, 7 tab, 28 ref. 


Descriptors: *Gulf of St Maine, *Nova Scotia, 
*Salinity currents, *Seasonal variation, *Water 
currents, Saline-freshwater interfaces, Water tem- 
perature, Wind-driven currents. 


Strong annual signals have been found in tempera- 
ture, salinity, and current measurements at two 
sites off Cape Sable, Nova Scotia. Differences in 
means and annual cycles indicate that the along- 
isobath current is not controlled by wind stress at 
these time scales. The phase of the primary peak of 
freshwater runoff into the Gulf of St. Lawrence 
(RIVSUM) is consistent with the advection of a 
salinity minimum to Cape Sable at an average 
speed of 6 km/d but the secondary peak is not 
observed and may be masked by the seasonal 
inflow of slope water into the Gulf of Maine via 
Northeast Channel. A diffusive model, forced by 
air-sea interaction provides a reasonable fit to the 
annual temperature cycles with vertical diffusivi- 
ties of 15-50 times 0.0001 sq m/sec. Correlations 
between residual longshore wind stress and along- 
isobath current, deep salinity, and temperature are 
consistent with wind-driven upwelling. Warm-core 
rings in the slope water sometimes enhance on- 
shore heat and salt fluxes to create positive temper- 
ature and salinity anomalies off Cape Sable, espe- 
cially in late summer. February ocean temperature 
anomalies to 50 m are related to winter-average 
cross-shore wind (and related heat flux residuals), 
but do not persist on seasonal time scales. (Au- 
thor’s abstract) 

W90-09638 


STRUCTURE AND INTERANNUAL VARIA- 
BILITY OF THE PLANKTON AND ITS ENVI- 
RONMENT OFF SOUTHWEST NOVA SCOTIA 
IN LATE SPRING AND EARLY SUMMER. 
Department of Fisheries and Oceans, Halifax 
(Nova Scotia). 

J. A. Koslow, R. I. Perry, P. C. F. Hurley, and R. 
O. Fournier. 


Canadian Journal of Fisheries and Aquatic Sci- 
ences CJFSDX, Vol. 46, No. S1, p 44-54, 1989. 10 
fig, 2 tab, 39 ref. 


Descriptors: *Nova Scotia, *Plankton, *Salinity 
currents, *Temperature gradient, *Upwelling, 
*Zooplankton, Nutrient concentrations, Seasonal 
variation, Tidal currents. 


Consistent alongshore and/or onshore-offshore 
gradients in temperature, salinity, and inorganic 
nutrient were observed off southwest Nova Scotia 
in June/July, 1981-85. The distributions were es- 
tablished primarily by mixing of relatively warm, 
high-salinity, nutrient-rich Slope Water with the 
cold, low-salinity, nutrient-poor water of the Nova 
Scotia Current. Tidal mixing and frontal dynamics 
were of secondary importance. Consistent with the 
distribution of nutrient and the earlier onset of 
stratification offshore, chlorophyll A concentra- 
tions were generally highest offshore and lowest 
inshore, and the distributions of zooplankton dis- 
placement volume and of dominant copepod spe- 
cies were similar. Salinity, nutrient, and chloro- 
phyll A concentrations and the abundance of zoo- 
plankton were all generally higher throughout the 
spring of 1985 than in 1983-84. In 1985, there was 
greater upwelling and Slope Water influence and 
decreased flow of the shelf current. This was asso- 
ciateu with a reversal of the North Atlantic atmos- 
pheric pressure anomaly field, which led to pre- 
dominately offshore and southwest alongshore 
winds in winter and spring, 1985. Correlations of 
recruitment to northwest Atlantic cod stocks with 
Northwest Atlantic pressure anomalies may be 
based upon the wind’s influence on nutrient avail- 
ability and plankton abundance. (Author’s abstract) 
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Department of Fisheries and Oceans, St. Andrews 
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R. I. Perry, P. C. F. Hurley, P. C. Smith, J. A. 
Koslow, and R. O. Fournier. 

Canadian Journal of Fisheries and Aquatic Sci- 
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Chlorophyll and nitrate data from monthly surveys 
off southwest Nova Scotia indicate the spring phy- 
toplankton bloom began near the end of March of 
each year, occurring early in 1984 and late in 1983. 
The highest chlorophyll biomass (all months) was 
found in 1985. Using survey data, the Sverdrup 
hypothesis for the initiation of the bloom was 
tested by comparing the critical depth, Zcr, for net 
phytoplankton production to the observed mixed- 
layer depth, Zmix. Survey median Zcr/Zmix were 
consistently less than 1 until May, suggesting that 
observed blooms were initiated by events outside 
the specific survey periods. Results of a mixed- 
layer model incorporating surface heating, differ- 
ential advection and turbulent dissipation by wind 
and tide showed reasonable agreement with ob- 
served mixed depths, and patterns of the mean 
(modelled) mixed-layer light intensity are signifi- 
cantly correlated with observed chlorophyll bio- 
mass. In 1983 and 1984, mean light intensities first 
exceeded the critical value for a bioom to occur in 
late March. In 1985, transient periods of stratifica- 
tion in mid-February and early March produced 
intensities greater than the critical value. These 
events, together with higher nitrate concentrations 
and lower zooplankton biomass, appear to be re- 
sponsible for the high chlorophyll biomass ob- 
served in 1985. (Author’s abstract) 
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Universidade Nova de Lisboa (Portugal). Environ- 
mental Systems Analysis Group. 
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NORTH-EAST ESTUARIES. 
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R. E. Lewis. 

Hydrobiologia HYDRB8, Vol. 195, p 1-11, April 
30, 1990. 9 fig, 3 tab, 8 ref. 
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Contaminants discharged to an estuary usually 
become associated with the near surface brackish 
waters and on an ebb tide these waters form a 
plume which streams away from the estuary 
mouth. As the plume mixes downwards, a local- 
ized region of minimum dilution may form at the 
sea-bed, depending on the rates of transverse and 
vertical mixing. The basis for the model of the 
Tees estuary in the North Sea is outlined and the 
limited data for the Tyne, Wear and Humber estu- 
aries were used in the model to assess the possible 
occurrence of sea-bed impact zones off those estu- 
aries. The studies of the estuary outflows indicate 
that: (1) The most contaminated waters passing 
through the estuary entrances are generally associ- 
ated with the waters of lowest salinity. Because the 
currents slacken towards low water, the greatest 
mass discharge rate of contaminant is likely to 
occur at about half ebb; (2) There is sufficient 
buoyancy in the outflow fields to inhibit the verti- 
cal mixing of contaminants. Stabilities are estimat- 
ed to be highest at the Tyne and Wear, lowest at 
the Humber and intermediate at the Tees; and (3) 
The detailed model of the outflow from the Tees 
estuary predicts that regions of sea-bed impact 
could lie between 1.5 and 4.0 km to the north of 
the estuary mouth, depending on tidal range. On a 
spring tide at the Humber estuary, it was estimated 
that there could be an impact area some 9 km from 
the mouth. The stability at the Tyne and Wear 
estuaries is likely to be high enough to prevent sea- 
bed impact of contaminated waters during the 
plume stage of the discharges. (White-Reimer- 
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In the Ems estuary, which has been extensively 
dredged, the gradients in the concentration of nu- 
trients and in turbidity (the factors that mainly 
determine the amount of carbon assimilated by 


phytoplankton) are steep. The effects of changing 
the turbidity in the estuary and the amount of 
phosphate discharged by the rivers Ems and the 
Westerwoldsche Aa were analyzed, using the sim- 
ulation model developed by BOEDE (Biological 
Research Ems-Dollard estuary). The results of sev- 
eral sensitivity runs were compared with the stand- 
ard run. A 50% reduction of turbidity led to a 
strong increase in phytoplankton biomass, especial- 
ly in the inner parts of the estuary where turbidity 
is high. On average, the effects are two to three 
times larger for the inner part than for the outer 
part of the estuary. When the turbidity doubles the 
Opposite occurs resulting in a significant decrease 
of phytoplankton biomass in the upper reaches. In 
the lower reaches of the estuary a 50% reduction 
in the river discharge of phosphate is largely com- 
pensated for by changes in phosphate transport 
from the North Sea. This results in a nearly un- 
changed primary production in the lower reaches 
as compared with the standard run. In the upper 
reaches a 50% reduction of phosphate loads results 
in a strongly reduced primary production. In gen- 
eral, the zooplankton groups (copepods and micro- 
zooplankton) are influenced less than the phyto- 
plankton. Benthic fauna is hardly influenced, 
except for filter feeders; which are strongly affect- 
ed by the total density of the particles, a parameter 
which also is directly related to turbidity. (Au- 
thor’s abstract) 
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Estuaries are among the most productive, but 


scarce, ecosystems in the world. The conservation 
importance of estuaries along the North Sea coast 
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of Britain, in both a British and a North Sea 
context was examined, and the conservation status 
of British North Sea estuaries was evaluated. Brit- 
ain and the southern North Sea have many and 
extensive estuaries. Many British North Sea coast 
estuaries are nationally and internationally impor- 
tant for nature conservation for their variety of 
sand-dune, saltmarsh, sandflat and mudflat habitats, 
and the plants and animals that they support. The 
wildlife of estuaries are currently being affected by 
a great many of man’s activities. Many, particular- 
ly land-claim, pollution and recreational activities 
cause loss and damage to this scarce wildlife habi- 
tat. Conservation of British estuaries is achieved 
mainly through site safeguards--the notification of 
Sites of Special Interest (SSSIs) and declaration of 
National Nature Reserves (NNRs by the Nature 
Conservancy Council (NCC)), and the designation 
of sites of international importance under the 
‘Ramsar Convention’ and the EC Directive on 
Wild Birds--and the amelioration of existing 
damage by sensitive management and pollution 
control. Several nationwide surveys, particularly 
NCC’s Estuaries Review, are underway in Britain. 
These will provide sound comparable information 
on all estuarine sites, and will form the basis for 
developing an overall estuarine conservation strat- 
egy. (Author’s abstract) 
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Phytoplankton primary production, nutrient con- 
centrations and turbidity were monitored at three 
stations in the Oosterschelde during 1980-1984 as 
part of an ecosystem study. From comparisons of 
dissolved nutrient ratios with the nutrient require- 
ments of phytoplankton, and of ambient nutrient 
concentrations with half-saturation constants for 
nutrient uptake by natural phytoplankton popula- 
tions it was concluded that silicate was a limiting 
nutrient for diatoms after the spring bloom until 
the end of the summer. Dissolved inorganic nitro- 
gen and phosphate were not considered to be 
limiting to phytoplankton growth. In general, the 
phytoplankton growing season started during the 
first fortnight of April and ended at the end of 
September. Column production in the whole Oos- 
terschelde varied between 201 and 540 g C/sq m/ 
yr and was, on average, 25% higher in the western 
part than in the eastern part. ‘Basin’ production in 
the Oosterschelde varied between 120 and 466 g 
C/sq m/yr and was, on average, 55% higher in the 
western part than in the eastern part; this differ- 
ence could be explained by differences in the ratio 
of euphotic depth to mean depth of the compart- 
ments. Estimated carbon-specific growth rates in 
the eastern part varied between 0.1 and 3/d and in 
the western part between <0.1 and 1/d. This 
difference could be explained by the great differ- 
ences in depth of the compartments. In the eastern 
part the high carbon-specific growth rates coincid- 
ed with a lower biomass, and in the western part 
this was not the case. It is suggested that in the 
eastern part sedimentation must be an important 
sink for phytoplankton. (See W90-09695 thru W90- 
09697) (Author’s abstract) 
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Prior to 1986, before completion of a storm surge 
barrier, the average condition of mussels at culture 
plots in the Eastern Scheldt was better in the 
western part near the North Sea, than in the cen- 
tral part of the estuary. No such difference was 
observed in 1986 and 1987. To predict the effects 
of the barrier on mussel culture, the condition of 
the mussels, which is an index of growth rate, was 
analyzed and correlated with food sources for the 
period 1981-84. In the western and central part of 
the Eastern Scheldt, mussel condition correlates 
strongly with average annual primary production, 
but not with chlorophyll-a concentrations. This 
suggests a direct link between primary production 
and the growth of mussels. In the western part of 
the estuary, the relation between condition and 
primary production has a less steep slope than in 
the central part. Import of food from the North 
Sea is suggested to act as an additional food source 
in the west of the Eastern Scheldt; hence the better 
condition of the mussels, also in years with rela- 
tively low primary production. The storm surge 
barrier reduces the water exchange with the North 
Sea. Reduced import of food and consequently 
lower mussel condition are expected in the western 
part of the estuary. Preliminary data from 1987 
confirm this prediction. (See also W90-09694, 
W90-09696 and W90-09697) (Author’s abstract) 
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Since 1979 the flora and fauna of the artificial 
rocky shores of the Oosterschelde estuary have 
been investigated by diving biologists. Spatial and 
temporal patterns of species diversity and biomass 
were studied and several groups of species (’com- 
munities’) were distinguished. A west-east gradient 
in species composition was found. Species distribu- 
tion proved to be mainly determined by current 
velocities, silt and plankton concentrations in the 
water, underwater irradiance, and the nature of the 
substratum. Some indications of migration between 
the basin and the North Sea are apparent. Biomass 
of the hard substratum fauna was compared with 
that of the soft bottom fauna; the ratio appeared to 
be about 1:2, which is surprisingly high consider- 
ing the small area available for hard substratum 
fauna. The key to the interactions with the North 
Sea is found in the water movements and the 
volume of water passing through the mouth of the 
basin during each tide. The two most important 
effects of the storm surge barrier on the hard 
substratum flora and fauna, i.e. the increase of 
available substratum and the increase of sedimenta- 
tion, oppose each other. The third effect, dimin- 
ished current velocities, causes a shift in communi- 
ty composition in favor of active suspension feed- 
ers, and perhaps deposit feeders. The outcome will 
probably be a completely changed distribution of 
species and biomass. Since the sedimentation will 
doubtless continue for some time, and since the 
morphology of tidal gullies and sand and mud flats 
will continue to change for decades more, it is not 
yet possible to predict the end result accurately. 
(See also W90-09694, W90-09695, and W90-09697) 
(Author’s abstract) 
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Three different methods are presented to deter- 
mine whether internal production is sufficient to 
sustain the ecosystem of the Oosterschelde estuary 
in the Dutch North Sea following the construction 
of a storm-surge barrier and two additional dams. 
The three methods include a steady state model, 
calculations with actually measured process rates, 
and a dynamic simulation model. From the simula- 
tion model results it is concluded that in the pre- 
barrier situation primary production exceeded 
import of particulate organic carbon (POC) from 
the North Sea, although estimates for POC trans- 
port using sedimentation and erosion data do not 
support this conclusion, due to the wide range of 
these estimates. Estimates from the steady state 
model seemed to be more accurate. The dynamic 
simulation model calculated annual primary pro- 
duction according to the measurements, but its 
range of net import of organic carbon was smaller 
than the estimates using sedimentation and erosion 
data. Model predictions of the pre-barrier and post- 
barrier situation showed a possible increase in phy- 
toplankton primary production, a relatively small 
decrease in phytoplankton import and a small re- 
duction in labile detritus export. The overall results 
indicate no significant reduction in phytoplankton 
biomass and thus no great changes in the food 
availability for suspension feeders. Functional as- 
pects of the Oosterschelde ecosystem did not seem 
to be affected drastically. Therefore the Oosters- 
chelde estuary is apparently maintaining its self- 
sustaining capacity. (See W90-09694 thru W90- 
09696) (Author’s abstract) 
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The hypothesis that acidic, humic substance-rich 
water selectively favors dinoflagellates versus dia- 
toms in coastal waters was tested in two sets of 
laboratory experiments using unialgal cultures of 
marine phytoplankton. In the first experiment, 
three dinoflagellates (i.e., Prorocentrum minimum 
(Pav.) J. Schiller, P. micans Ehrenberg, and Am- 
phidinium carterae Hulbert) and three diatoms 
(i.e., Attheya decora T. West, Skeletonema costa- 
tum (Grev.) Cleve, and Phaeodactylum tricornu- 
tum Bohlin), were grown in a mixture of 80% 
coastal (salinity 20 ppt) and 20% river water. 
Water from seven different rivers was used. Four 
rivers had a high humic (yellow substance 22.1 
+/-0.9 per m, i.e., absorbance at 380 nm) but 
lower inorganic N and P concentrations (‘forest 
rivers’), whereas three rivers (‘agricultural rivers’) 
had a lower humic content (10.7 +/-1.3 per m), 
but inorganic nutrient concentrations approximate- 
ly three times as high as the forest rivers. The 
growth rates for the dinoflagellates were signifi- 
cantly higher in the medium with forest river 
water compared to the mixtures with agricultural 
river water, whereas the opposite was true of the 
diatoms. In the second type of experiment, the 
diatom Ditylum brightwellii (T. West) Grun. and 
the dinoflagellate P. minimum were grown, as 
semicontinuous dilution cultures, in mixtures of 
90% coastal water (salinity 20 ppt) and 10% river 
water. Water from four different rivers was q 
one draining mainly agricultural soils and the other 
acidified humic-rich forested soils. River water of 
agricultural origin supported a higher D. 
brightwellii biomass and growth rate than river 
water draining forested soils, whereas for P. mini- 
mum the opposite was true. Decreasing cell P 
quotas and increasing alkaline phosphatase activity 
indicated that D. brightwellii was P-deficient, es- 
pecially when agricultural river water was added, 
whereas these physiological indices suggested that 
P. minimum cultures were not P-starved. The 
present results support the hypothesis that the dis- 
charge of acidified river water, rich in humic sub- 
stances, to coastal waters, can play a role in shift- 
ing the species composition from diatoms to dino- 
flagellates. (Author’s abstract) 
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In the summers from 1981 to 1983, periods of 
alarming oxygen deficiency occurred in the 
bottom water of the German Bight. Using histori- 
cal data from the German Bight, an investigation 
was conducted to determine whether extraordi- 
nary hydrographic stratification during the sum- 
mers from 1981 to 1983 could have been the cause 
of these deficiencies. The long-term summer mean 
was not as intense as the mean summer stratifica- 
tion from 1981 to 1983 in the deeper areas of the 
German Bight, while in the shallower areas, the 
opposite was observed. The deviations from the 
long-term mean were within the range of the long- 





term fluctuations and are not significant. A clear- 
cut connection between the spatial extent of the 
oxygen deficiency areas and the spatial extent of 
the thermohaline stratified areas is not evident. 
However, the spatial extent of the oxygen deficien- 
cy areas is closely connected with the spreading of 
the nutrient-rich Elbe River plume. Hydrographic 
conditions during the summer, such as these ob- 
served in the oxygen deficiency areas from 1981 to 
1983, were similar to those in the 1960s and 1970s. 
(Author’s abstract) 
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INTERFACE BETWEEN ESTUARIES AND 
SEAS 


Manchester Univ. (England). Dept. of Civil Engi- 
neering. 
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IN: Developments in Hydraulic Engineering- 
Volume 5. Elsevier Science Publishing Co., New 
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rents, Wave diffraction, Wave ray analysis, Wave 
refraction, Waves. 


Flow of water and sediments in rivers is one-way, 
under the action of gravity. When rivers approach 
the sea they come under the influence of tidal 
action, making the situation much more complicat- 
ed. The situation is one of interacting waves and 
currents with a high degree of nonlinearity due to 
energy dissipation and friction and wave breaking 
as well as convection. The complexity of condi- 
tions at the sea-face of estuaries is such that full 
analysis is impossible. However, there have been 
advances in physical understanding and in numeri- 
cal modeling over the past decade that make mod- 
eling of considerable help in solving real problems. 
The possibilities are discussed here, using as case 
material three estuaries: Santos Bay, Brazil; the 
mouth of the Pungue estuary, Beira, Mozambique; 
and Liverpool Bay and the mouth of the Mersey 
estuary, England. Topics considered include: mod- 
eling methods, calibration and verification of 
models, a modular scheme for modeling estuarine 
interfaces, regional modeling of tidal flow, model- 


ing of tidal currents at estuary mouths, regional 
modeling of waves (including wave refraction and 
diffraction), modeling nearshore waves and cur- 
rents, and sea bed stresses and sediment transport. 
Modeling of the sea at the mouths of estuaries is 
one of the most difficult of free-surface hydraulic 
engineering problems because of the great variety 
of forces at work. Problems can be made managea- 
ble only by treating most of them separately. Pro- 
vided the water is well mixed, tidal currents can be 
modeled using one of several well-tried techniques. 
Recent developments have been in decoupling 
parts of the equations so that each can be solved 
using appropriate methods and in using advanced 
techniques of computation such as distributed 
array processors. All practical modeling methods 
are based on elimination of one or more of the 
effects such as reflection of waves, refraction, and 
variation of wave climate with time. Real problems 
must be solved using multiple models, each being 
appropriate to the combination of forces within its 
domain. Recent developments have made possible 
the use of wave ray models based on a fixed grid to 
study the effects of refraction, diffraction, energy 
losses due to breaking waves and bottom friction, 
and interaction with tidal currents. They cannot 
yet cope with wave reflections. It is now possible 
to use a relatively inexpensive modeling method 
based on a coarse grid, typically 200-m sides, over 
a large area in all cases where reflections can be 
neglected. (See also W90-09992) (Rochester-PTT) 
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RUNOFF-INDUCED METALS IN LAKES BAY, 
NEW JERSEY. 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 
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COMPARISONS BETWEEN SEDIMENT 
BIOASSAYS AND ALTERATIONS OF 
BENTHIC MACROINVERTEBRATE ASSEM- 
BLAGES AT A MARINE SUPERFUND SITE: 
COMMENCEMENT BAY, WASHINGTON. 
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EFFECT OF BREAKERS ON BLOCKS OF 
COASTAL PROTECTION STRUCTURES. 


For primary bibliographic entry see Field 8A. 
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HOLOCENE EVOLUTION OF AN ESTUARINE 
COAST AND TIDAL WETLANDS. 

West Chester Univ. of Pennsylvania. Dept. of Ge- 
ology and Astronomy. 

C. H. Fletcher, H. J. Knebel, and J. C. Kraft. 
Geological Society of America Bulletin 
BUGMAF, Vol. 102, No. 3, p 283-297, March 
1990. 12 fig, 1 tab, 84 ref. NOAA Grant NA80AA- 
D-00106. NOAA Project Nos. R/g 10 and R/G 
12. 
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Modern facies-distribution patterns, extensive core 
data, and chronostratigraphic cross sections pro- 
vide a detailed history of Holocene inundation 
within the Delaware Bay estuary and sedimenta- 
tion in adjacent coastal environments. Flooding of 
the estuary occurred with the rising sea level as the 
shoreline retreated northwest along a path deter- 
mined by the pre-transgression topography. Simul- 
taneous migration of an estuarine turbidity maxi- 
mum depocenter provided the bulk of fine sedi- 
ments which form the coastal Holocene section of 
the estuary. Prior to 10 Ka, the ancestral bay was 
predominantly a tidal river, and the turbidity maxi- 
mum depocenter was located southeast of the 
modern bay mouth. By 10 Ka, lowlands adjacent 
to the ancestral channel of the Delaware River 
were flooded, forming localized tidal wetlands, 
and the depocenter had initiated high rates of fine- 
grained sedimentation near the present bay mouth. 
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By 8 Ka, the fine-grained depocenter had migrated 
northwest along the main channel of the Delaware 
River, although the widened mouths of tributary 
valleys continued to be active sites of sediment 
accumulation. Following the passage of the fine- 
grained depocenter, coarse-grained sediments ac- 
cumulated along the coast in response to increased 
wind-wave activity. During the middle Holocene, 
portions of the estuarine coast began to resemble 
modern geomorphology, and washover barrier 
sands and headland beach sandy gravels accumu- 
lated along the southwest shore. The late Holocene 
was characterized by erosional truncation and sub- 
mergence of aggraded coastal lithofacies and by 
planation of remnant highland areas. Knowledge 
of the eroded Holocene section is fragmentary. At 
present, continued sea-level rise is accompanied by 
deposition of tidally transported muds in coastal 
environments and deposition of sandy sediments in 
some offshore regions. Modeling of coastal-lithofa- 
cies transitions identifies specific lithofacies com- 
plexes in the Holocene stratigraphic section which 
were influential in the evolution of the coast. (Au- 
thor’s abstract) 
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TIME-SPACE VARIATION OF THE CHEMI- 
CAL AND PHYSICAL COMPOSITION IN THE 
SYSTEM OF MOUTH OF MANTAGUA 
STREAM, CHILE (VARIACION ESPACIO- 
TEMPORAL DE CARACTERISTICAS QUIMI- 
CAS Y FISICAS EN AGUAS DEL SISTEMA DE 
DESEMBOCADURA DEL ESTERO DE MAN- 
TAGUA, CHILE). 

Faculdades Integradas de Santa Cruz do Sul. Caixa 
Postal 236, 96800, Santa Cruz do Sul, RS, Brazil. 
E. A. Lobo, G. Leighton, and R. Ugarte. 

Revista de Biologia Marina (Valparaiso) 
RBIMAY, Vol. 24, No. 2, p 161-174, November 
1989. 5 fig, 5 tab, 10 ref. English summary. 
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phates, Sandbars, Temperature, Water tempera- 
ture. 


The spatial and temporal variation of the chemical 
and physical composition (alkalinity, chlorinity, 
oxygen content, pH, phosphate,and temperature) 
in the mouth system (estuary) of Mantagua Stream, 
central Chile, was studied during January, April, 
and September 1984. It was found that the environ- 
mental structure of the principal components of the 
system (coastal lagoon, residual arm, and principal 
channel) changed in space and time. A global 
analysis of the chemical and physical composition 
for each subsystem indicated a high temporal vari- 
ability except in the case of dissolved oxygen in the 
residual arm. These can be attributed to seasonal 
variability as was shown with chlorine concentra- 
tion and temperature. In the April (Autumn), the 
chlorine concentration was significantly reduced 
probably due to the higher flow of freshwater into 
the estuary, a characteristic of a pluvial region. 
Temperature was highest in January which is to be 
expected in the summer season. This was also 
related to the annual sand bar formation in 
summer. (Cassar-PTT) 
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LONG-TERM CHANGES OF THE ANNUAL 
CYCLES OF METEOROLOGICAL, HYDRO- 
GRAPHIC, NUTRIENT AND PHYTOPLANK- 
TON TIME SERIES AT HELGOLAND AND AT 
LV ELBE 1 IN THE GERMAN BIGHT. 

Hamburg Univ. (Germany, F.R.). Inst. fuer Meers- 
kunde. 
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STABLE OXYGEN ISOTOPE DISTRIBUTION 
IN THE HUANGHE (YELLOW RIVER) AND 
THE CHANGJIANG (YANGTZE RIVER) ESTU- 
ARINE SYSTEMS. 

Institut de Biogeochimie Marine, 
(France). 

Z. Jing, R. Letolle, J. M. Martin, C. Jusserand, and 
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J. M. Mouchel. 
Continental Shelf Research CSHRDZ, Vol. 10, 
No. 4, p 369-384. April 1990, 5 fig, 2 tab, 15 ref. 


Descriptors: *Changjiang River, *China, *Data in- 
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Water samples from the Huanghe (Yellow River) 
and Changjiang (Yangtze River) estuarine systems, 
and China Sea were analyzed to determine their 
stable oxygen isotope composition (018/016). The 
riverine delta O18 values ranged from -8.8 to -7.1 
ppt in these two rivers during the study periods. In 
the Changjiang estuary, the longitudinal profiles of 
delta 018 show a linear distribution with chlorin- 
ity, reflecting the efficiency of mixing processes 
between river and seawaters, which corresponds to 
a short water residence time in the estuary, esti- 
mated at about 5 days. In the Huanghe estuary, the 
non-linear distribution of delta O18 with chlorinity 
reveals the occurrence of ‘old water’ masses in the 
Laizhou Bay, where the water residence time can 
reach 3-4 months. The difference of delta O18 
values between these two large Chinese rivers may 
reflect the ‘continental/altitude effect’ on the iso- 
tope fractionation, during the transport of humid 
air mass from the Pacific and Indian Oceans to the 
Chinese continent. A rough estimation shows that 
source region water accounts for about 5-20% of 
the water discharge in the lower reaches of these 
two rivers. (Author’s abstract) 
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EXPERIMENTAL TRANSPLANTING OF SEA- 
GRASSES IN BOTANY BAY, AUSTRALIA, 
Fisheries Research Inst., Sydney (Australia). 

R. J. West, N. E. Jacobs, and D. E. Roberts. 
Marine Pollution Bulletin MPNBAZ, Vol. 21, No. 
4, p 197-203, April 1990. 4 fig, 2 tab, 19 ref. 
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Experimental seagrass transplant trials were car- 
ried out to assess the feasibility of a proposed large 
scale transplant program in Botany Bay, Australia 
as a means of mitigating fish habitat losses. A 
variety of methods of transplanting Zostera capri- 
corni and Posidonia australis at three depths were 
evaluated. In addition, small scale historical sea- 
grass mapping was carried out to determine site 
suitability. 1800 seagrass ‘units’ were transplanted. 
For both species and at all depths, survival of 
transplants was highest when simple wire anchors 
were used. Although the transplanting seemed suc- 
cessful and plants showed some initial growth, 
they were destroyed by storms after only 4 
months. Consequently, restoration of the seagrass 
meadows in Botany Bay is considered impractical 
without accompanying major engineering works to 
reduce the effect of storm erosion, which has been 
exacerbated by previous large scale dredging and 
port construction. It seems unlikely that problems 
such as erosion in an aquatic situation can be 
solved through seagrass transplanting. However, 
transplanting may be useful in providing acceler- 
ated recovery of suitable small scale sites. (Cres- 
koff-PTT) 
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DYNAMICS OF ESTUARINE MACROPHYTES 
IN RELATION TO FLOOD/SILTATION 
CYCLES. 

Port Elizabeth Univ. (South Africa). Dept. of 
Botany. 

M. M. B. Talbot, W. T. Knoop, and G. C. Bate. 
Botanica Marina BOTNA7, Vol. 33, No. 2, p 159- 
164, March 1990. 6 fig, 2 tab, 25 ref. 
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Intense temporal variability in the distribution of 
intertidal and submerged macrophytes in response 


to flooding was recorded in the Kwelera and 
Nahoon estuaries, South Africa, over 4.5 years. 
The data provide a first approximation of the tran- 
sition between different vegetation types during 
flood/siltation cycles in South African estuaries. A 
flood in November 1985 removed major popula- 
tions from both estuaries. Recovery of Zostera 
capensis, the pre-flood dominant seagrass, was 
sluggish and lagged behind the process of post- 
flood sedimentation. This seagrass population is 
expected to be back to pre-flood levels after 4.2 
years. In contrast, Halophila ovalis rapidly colo- 
nized the mouth reaches. The macroalga Codium 
tenue was even more unstable than the seagrasses, 
disappearing in response to even slight freshwater 
runoff. Vegetation above mean tide level showed 
little variability. (Author’s abstract) 
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DINOFLAGELLATE CYSTS 
MARINE SEDIMENTS FROM 
AUSTRALIA. 

Commonwealth Scientific and Industrial Research 
Organization, Hobart (Australia). Marine Labs. 

C. J. Bolch, and G. M. Hallegraeff. 

Botanica Marina BOTNA7, Vol. 33, No. 2, p 173- 
192, March 1990. 37 fig, 3 tab, 49 ref. FIRTA grant 
86/84. 
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Thirty-four cyst types capable of seeding plankton 
dinoflagellate populations were identified in Tas- 
manian estuarine sediments. The most common 
types were those of Gonyaulax grindleyi, G. spini- 
fera, Gymnodinium catenatum, Gyrodinium sp., 
Polykrikos schwartzii, Protoperidinium conicum, 
P. pentagonum, P. subinerme, Scrippsiella spp. and 
Zygabikodinium lenticulatum. Also common were 
ovoid to spherical Alexandrium tamarense-like 
cysts, which lack distinctive taxonomic features 
and mucilaginous covering. These latter cysts 
could only be identified by incubation experiments, 
which produced living cells of Scrippsiella (2 spp.), 
Gyrodinium sp. and Alexandria cf. excavatum. 
While Tasmanian dinoflagellate cyst assemblages 
resemble those of New South Wales, Australia and 
New Zealand, one notable difference is the cyst of 
the toxic dinoflagellate Gymnodinium catenatum, 
which appears to be confined to south-eastern Tas- 
mania. (Author’s abstract) 
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DISTRIBUTION AND TRANSPORT OF SUS- 
PENDED PARTICULATE MATTER. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
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NUTRIENTS. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

P. A. Yeats. 

Canadian Bulletin of Fisheries and Aquatic Science 
CBFSDB, Vol. 220, p 29-48, 1988. 10 fig, 22 ref. 
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Nutrient distributions in the St. Lawrence Estuary 
and Gulf are described using both published data 
and some previously unpublished data from the 
Bedford Institute of Oceanography that is present- 
ed for the first time. This distributional data is used 
to develop a conceptual picture of the physical and 
chemical mechanisms responsible for the distribu- 
tions. The interelement relationships inherent in 
nutrient regeneration are described and the nutri- 
ent budgets for the Gulf are reviewed. The nutri- 
ent geochemistry in the estuary has an effect on 
the fluxes of nutrients through the estuary. Process 
taking place in the estuary reduce the silicate flux 
by 20% and increase the nitrate and phosphate 
fluxes by 30%. None of the estuarine processes has 
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a serious impact on the fluxes in the Gulf because 
the river flux is such a small component of the total 
flux through the Gulf. (Sand-PTT) 
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ORGANIC MATTER IN THE GULF OF ST. 
LAWRENCE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

R. Pocklington. 

Canadian Bulletin of Fisheries and Aquatic Science 
CBFSDB, Vol. 220, p 49-58, 1988. 2 fig, 5 tab, 37 
ref. 
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The quantity and chemical nature of the particu- 
late organic matter in any water body is an impor- 
tant consideration in calculating the food sources 
available to non-photosynthesizing organisms, in- 
cluding fish. The distribution of organic carbon 
and organic nitrogen within the Gulf of St. Law- 
rence and adjacent ocean waters is reviewed with 
discussions on fresh water inputs, exchanges of 
organic matter with sediments, and anthropogenic 
organic materials including chlorinated hydrocar- 
bons, DDT-group pesticides, polychlorinated bi- 
phenyls, polycyclic aromatic hydrocarbons, and 
lignin wastes from pulp and paper mills. (Sand- 
PTT 
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STABLE ISOTOPE STUDIES IN THE GULF OF 
ST. LAWRENCE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 
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OF ST. LAWRENCE SEDIMENTS. 
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POLLUTION HISTORY AND _ PALEOCLI- 
MATE SIGNALS IN SEDIMENTS OF THE 
SAGUENAY FJORD. 
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Scotia). Marine Chemistry Div. 
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CHEMICAL OCEANOGRAPHY IN THE GULF: 
PRESENT AND FUTURE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

P. M. Strain. 

Canadian Bulletin of Fisheries and Aquatic Science 
be ane Vol. 220, p 159-173, 1988. 2 fig, 3 tab, 
12 ref. 
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The state of development of chemical oceanogra- 
phy in the Gulf of St. Lawrence is reviewed. The 
following areas are covered: suspended particulate 
matter, nutrients, organic carbon, stable isotopes, 
trace metals, petroleum hydrocarbons, and the 
chemical interactions between the various species. 
It is concluded that the existing picture of chemis- 
try in the Gulf describes only the coarsest and 
most obvious time and space scales and frequently 
only the most obvious chemical components. An 





important limitation of the existing data is that the 
Gulf has not been sampled frequently enough to 
properly characterize important scales of variabili- 
ty. (Sand-PTT) 

W90-10292 


SEDIMENT-TO-WATER FLUXES OF PARTIC- 
ULATE MATERIAL AND MICROBES BY RE- 
SUSPENSION AND THEIR CONTRIBUTION 
TO THE PLANKTONIC FOOD WEB. 

Georgia Univ., Athens. Dept. of Zoology. 

S.C. a 

Marine Ecology Progress Series MESEDT, Vol. 
62, No. 3, p 271-281, April 19, 1990. 7 fig, 6 tab, 37 
ref. DOE grant DE-FG09-86ER60451. 
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Resuspension of bottom sediments by waves, cur- 
rents, and biota is a potentially important mecha- 
nism by which particulate materials are introduced 
into the water column. Fluxes of particulate mate- 
rials between sediments and overlying water were 
determined in the laboratory. Box cores of near- 
shore marine sediments were subjected to defined 
shear stresses in an annular flume. Sediment resu- 
spension was detectable at shear velocities of 0.95 
to 1.35 cm/s in sediments ranging from fine to 
coarse sands. An average sediment subjected to 
shear velocities of 1.16 to 1.50 cm/s contributed 
346 to 2312 mg particulate C/sq m/h, 43 to 266 mg 
particulate N/sq m/h, and 350 billion to 2 trillion 
bacteria/sq m/h. These fluxes would increase the 
concentrations of those substances in a 10 m homo- 
geneously-mixed water column by 37 to 246 micro- 
gram particulate C/L, 4.6 to 28.3 microgram par- 
ticulate N/L/h, and 37,000 to 220,000 bacteria/L/ 
h, and would double typical water column concen- 
trations in the field within a few hours. Shear 
stresses applied to sediments in these simulations 
represent mild field resuspension conditions (on the 
order of 0.5 m amplitude waves in 20 m water 
depth). Intense winter storms, which are not un- 
common, would likely increase flux estimates ac- 
cording to the depth of sediment fluidization, and 
according to depth profiles of sedimentary phys- 
icochemical parameters. Resuspension, in this 
study area, appears to play a greater role in relo- 
cating particulate than dissolved nutrients. (Au- 
thor’s abstract) 
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AIRBORNE DISCRIMINATION BETWEEN 
ICE AND WATER: APPLICATION TO THE 
LASER MEASUREMENT OF CHLOROPHYLL- 
IN-WATER IN A MARGINAL ICE ZONE. 
National Aeronautics and Space Administration, 
Wallops Island, VA. Wallops Flight Center. 
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PHYSICAL RESPONSE OF WINTER ORO- 
GRAPHIC CLOUDS OVER THE SIERRA 
NEVADA TO AIRBORNE SEEDING USING 
DRY ICE OR SILVER IODIDE. 

Bureau of Reclamation, Auburn, CA. 

T. Deshler, D. W. Reynolds, and A. W. Huggins. 
Journal of Applied Meteorology JAMOAX, Vol. 
29, No. 4, p 288-330, April 1990. 22 fig, 6 tab, 71 
ref. 


Descriptors: *Climatology, *Cloud chemistry, 
*Cloud physics, *Cloud seeding, California, Evap- 
oration, Ice, Ice formation, Orographic precipita- 
tion, Rime, Silver iodide. 


Cloud seeding experiments devoted to physical 
measurements of the effects of seeding shallow 
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stable winter orographic clouds have been con- 
ducted in the Sierra Nevada of California from 
1984 to 1986. Seeding was done by aircraft using 
either dry ice or silver iodide. Aircraft, radar, and 
surface instruments were used to measure the ef- 
fects. A trajectory model was used to target seeded 
precipitation to the ground where the surface in- 
struments were deployed. Observations from the 
various measurement platforms conformed with 
results expected from seeding in 35% of the seed- 
lines sampled with a research aircraft, 4% of those 
observed with radar, and 17% of those which 
passed over the surface instrumentation; however, 
the complete seeding chain was believed to be 
documented in only 2 of 36 experiments. The 
failures resulted from difficult technical and logisti- 
cal problems, and from the variability of even 
simple cloud systems. During the two experiments 
when seeding effects were detected by all measure- 
ment platforms the following effects were ob- 
served. A high concentration of small compact ice 
crystals formed quickly along the seedline, with 
riming beginning 5-10 min after seeding. The 
seeded ice crystals dispersed at 1 m/s and cloud 
liquid-water evaporated in regions corresponding 
to the seedlines. Seeding in a non-echoing region 
occasionally produced echoes of 3-10 dBZ in por- 
tions of the seedlines. Surface seeding effects ar- 
rived 35-60 min after seeding, 20-30 km downwind. 
Snow crystal concentrations increased, snow crys- 
tal habits changed to small rimed particles, and 
precipitation rates increased. The duration of these 
effects was short. Changes in ice particle develop- 
ment induced by seeding were similar when seed- 
ing with either dry ice or silver iodide. (Author’s 
abstract) 
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OPPORTUNITIES FOR PRODUCTIVE USE OF 
RAINFALL NORMALLY LOST TO CROPPING 
FOR TEMPORAL OR SPATIAL REASONS. 
International Center for Agricultural Research in 
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POSSIBILITIES FOR MODIFYING CROP AND 
SOIL MANAGEMENT PRACTICES TO MAXI- 
MIZE PRODUCTION PER UNIT RAINFALL. 
University of New England, Armidale (Australia). 
Dept. of Agricultural Economics and Business 
Management. 

For primary bibliographic entry see Field 3F. 
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HYDROLOGICAL ANALYSIS OF FARM RES- 
ERVOIRS IN RAINFED RICE AREAS. 
International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 
L. C. Guerra, P. G. Watson, and S. I. Bhuiyan. 
Agricultural Water Management AWMADF, Vol. 
17, No. 4, p 351-366, March 1990. 7 fig, 4 tab, 6 ref. 
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Farm reservoirs are water storage structures used 
to collect rainfall and runoff on a farm. In central 
Luzon, Philippines, farm reservoirs are about 800 
to 5000 sq m in area and have an average depth of 
about 1 m. The average farm size is about 3 ha. 
The stored water is used to supplement rainfall for 
wet season rice production and to irrigate a dry 
season rice crop on approximately one third of the 
farm area. Farmers without reservoirs cannot 
grow a dry season crop. This study quantified the 
major hydrological parameters of four selected 
farm reservoirs using a water balance approach. 
Direct rainfall and runoff from the catchment area 
contributed, respectively, about 36% and 64% to 
reservoir inflow. Typically, a farmer’s use of 
stored water for land preparation and irrigation of 
rice accounted for about 30% of the total water 
outflow from a reservoir. Seepage and percolation 
losses of water accounted for about 45% of the 
outflow volume, and evaporation loss of about 


25%. The minimum catchment area required to 
support a reservoir of given capacity was calculat- 
ed to be nearly 5 times higher for a grassed catch- 
ment than for a catchment under paddy rice. The 
hydraulic conductivity of reservoir embankments 
reduced with reservoir age due to continuous set- 
tlement of poorly compacted materials, affecting 
the rate of water loss through seepage. (Author’s 
abstract) 

W90-10161 


3C. Use Of Water Of Impaired 
Quality 


RETICULATION OF ETHANOL STILLAGE 
THROUGH IRRIGATION SYSTEMS AND ITS 
USE FOR FERTILISATION OF SUGARCANE 
IN ZIMBABWE. 

Triangle Ltd. (Zimbabwe). Agricultural Div. 

R. J. Booth, and C. J. Lightfoot. 

Agricultural Water Management AWMADF, Vol. 
17, No. 1/3, p 49-58, January 1990. 6 tab, 1 ref. 


Descriptors: *Agriculture, *Developing countries, 
*Irrigation practices, *Sugarcane, *Wastewater ir- 
rigation, *Wastewater utilization, *Water manage- 
ment, *Water reuse, Crop yield, Ethanol stillage, 
Fertilization, Food-processing wastes, Furrow irri- 
gation, Overhead irrigation, Vinasse, Water pollu- 
tion control, Zimbabwe. 


The Triangle Limited ethanol plant in Zimbabwe 
was designed to produce 40 million liters of etha- 
nol per yr. from molasses and/or sugarcane juice. 
Of major concern was the problem of disposing of 
the stillage, and it was decided that the most 
convenient and suitable method was to incorporate 
it into irrigation water. The methods used for, and 
problems associated with, the reticulation of etha- 
nol stillage (vinasse) into sugarcane fields through 
both overhead and furrow irrigation systems are 
discussed. In this system, pollution of streams is 
reduced to a minimum, provided control is con- 
stantly exercised. Use of stillage has removed the 
necessity for annual dressings of potash and phos- 
phate fertilizer, without permanent detriment to 
the soil, on more than 4000 hectares of cane lands. 
The savings in fertilizer, together with increased 
yields, can be expected to pay for the costs of 
reticulation in less than a year. (Sand-PTT) 
W90-09565 


EFFECT OF MUNICIPAL WASTEWATER IR- 
RIGATION AND RATE OF N FERTILIZATION 
ON PETIOLE COMPOSITION, YIELD AND 
QUALITY OF OKANAGAN ~ RIESLING 
GRAPES. 

Agriculture Canada, Summerland (British Colum- 
bia). Research Station. 

G. H. Neilsen, D. S. Stevenson, and J. J. 
Fitzpatrick. 

Canadian Journal of Plant Science CPLSAY, Vol. 
69, No. 4, p 1285-1294, October 1989. 7 tab, 20 ref. 


Descriptors: *Fertilization, *Municipal 
wastewater, *Trickle irrigation, *Vine crops, 
*Wastewater utilization, Crop yield, Grapes, Ni- 
trogen, Nutrient concentrations. 


Okanagan Riesling (Vitis sp.) vines, planted on a 
sandy soil in 1983, were trickle irrigated with 
municipal wastewater or well water and with each 
source of water there were 3 rates of nitrogen (N) 
fertilization (0, 17, and 34 g N as NH4NO3 per 
vine per year), 1984 to 1987. The zero-N treatment 
was increased to 8.5 g N/vine in 1986 to 1987. 
Wastewater irrigated vines had increased petiole 
phosphorus, potassium and calcium, but decreased 
magnesium and in 2 or 3 years decreased nitrogen 
in August. Increased rate of nitrogen fertilization 
increased petiole nitrogen at bloomtime but not in 
August; had minor effects on petiole phosphorus, 
potassium, calcium and magnesium; and increased 
petiole manganese at highest nitrogen rates, espe- 
cially (2 of 4 years) in association with wastewater 
irrigation. Yield increased both for vines irrigated 
with wastewater and linearly with rate of applied 
nitrogen in 2 of the 3 fruiting years. Increased yield 
was not associated with increased petiole nitrogen 
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concentration in August. Minor increases in solu- 
ble solids and juice pH of grapes at harvest were 
measured for wastewater irrigated grapes in 2 
years. No horticultural limitations to the use of this 
wastewater to irrigate Okanagan Riesling grapes 
were observed over the 4-year period. (Author’s 
abstract) 

W90-09603 


MAIZE ROOT DEVELOPMENT UNDER VARI- 
OUS LEVELS OF SALINITY AND WATER DIS- 
TRIBUTION. 

Agriculture and Water Resources Research 
Centre, Baghdad (Iraq). Dept. of Soil Science. 
S. Al-Khafaf, K. Al-Janabi, I. A. Hussain, F. S. 
Manky, and L. H. Saliem. 

Agricultural Water Management AWMADF, Vol. 
15, No. 4, p 377-385, July 1989. 1 fig, 6 tab, 17 ref. 


Descriptors: *Plant water potential, *Root devel- 
opment, *Salinity, *Soil-water-plant relationships, 
Plant growth, Soil water potential. 


An experiment was conducted to study the effect 
of salinity and water-potential distribution on 
maize root growth and development. Three salini- 
ty distributions and two ranges of soil water poten- 
tial treatments were prepared by filling 140 cylin- 
drical PVC containers 1.2 m long and 0.25 m in 
diameter with loamy sand. Root and shoot samples 
were taken at different growth stages. Saturated 
electrical conductivity and water content were 
measured periodically. The results indicated that 
root and shoot dry-matter accumulation varied 
significantly among different salinity and water 
distribution treatments. Root dry-weights contin- 
ued to increase until flowering stage and then 
remained constant. No root growth was observed 
in layers with electrical conductivity > 12 dS/m. 
For maize root growth under the conditions of this 
study a salinity level of 12.0 dS/m seemed to be a 
barrier even under high levels of soil water. (Au- 
thor’s abstract) 

W90-09655 


RECLAIMED WASTEWATER STORAGE IN 
GROUND-WATER BASINS. 

California Univ., Irvine. Dept. of Civil Engineer- 
ing. 

G. L. Guymon, and M. R. Welch. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 305- 
322, May/June 1990. 7 fig, 14 ref. 


Descriptors: *Artificial recharge, *Groundwater 
basins, *Groundwater storage, ‘Irrigation, 
*Wastewater renovation, *Water reuse, Aquifers, 
California, Reservoirs, Wastewater treatment. 


In the absence of an alternative means of 
wastewater disposal, wastewater reclamation 
projects involving the use of reclaimed water for 
irrigation require facilities for seasonally storing 
the reclaimed water. Surface reservoirs represent 
one means of providing this seasonal storage. Con- 
structing surface reservoirs, though, can be eco- 
nomically prohibitive. A second option for re- 
claimed water seasonal storage is the use of 
groundwater aquifers. Regulatory restrictions and 
public health concerns are significant constraints to 
the recharge of treated wastewater into domesti- 
cally used ground water aquifers. Where basins not 
subject to these constraints are available, however, 
groundwater aquifers offer the potential for pro- 
viding an economical means of seasonally storing 
reclaimed wastewater. An example of a reclaimed 
water irrigation project in southern California is 
presented for which the use of a small, isolated 
groundwater basin for seasonally storing reclaimed 
water has been approved. For this southern Cali- 
fornia project, the use of a groundwater basin for 
storing reclaimed water during times of minimal 
irrigation demand is resulting in a significant re- 
duction in the overall capital costs of required 
wastewater reclamation facilities. (Author’s ab- 
stract) 

W90-09666 


IRRIGATION WITH BRACKISH WATER 
UNDER DESERT CONDITIONS: VIII. FUR- 


THER STUDIES ON ONION (ALLIUM CEPA 
L.) PRODUCTION WITH BRACKISH WATER. 
Ramat Negev Regional Council Agricultural Sta- 
tion, Halutsa Mobile Post 85515 (Israel). 

For primary bibliographic entry see Field 3F. 
W90-09704 


EFFECT OF PHOSPHORUS PRECIPITATION 
CHEMICALS ON CHARACTERISTICS AND 
AGRICULTURAL VALUE OF MUNICIPAL 
SEWAGE SLUDGES: 1. CHARACTERISTICS 
OF CA, AL AND FE PRECIPITATED SEWAGE 
SLUDGES. 

Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

For primary bibliographic entry see Field 5D. 
W90-10156 


EFFECTS OF PHOSPHORUS PRECIPITA- 
TION CHEMICALS ON CHARACTERISTICS 
AND AGRICULTURAL VALUE OF MUNICI- 
PAL SEWAGE SLUDGES: 2. EFFECT OF 
SEWAGE SLUDGES ON YIELD, ELEMENT 
CONTENTS AND UPTAKE BY SPRING 
BARLEY (HORDEUM VULGARE, L). 
Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

For primary bibliographic entry see Field 5D. 
W90-10157 


EFFECT OF PHOSPHORUS PRECIPITATION 
CHEMICALS ON CHARACTERISTICS AND 
AGRICULTURAL VALUE OF MUNICIPAL 
SEWAGE SLUDGES: 3. ANALYTICAL RE- 
SULTS OF SLUDGE TREATED SOILS. 
Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

R. Jokinen. 

Acta Agriculturae Scandinavica AASCAU, Vol. 
40, No. 2, p 141-147, 1990. 4 tab, 26 ref. 


Descriptors: *Chemical precipitation, *Path of pol- 
lutants, *Phosphorus, *Soil amendments, 
*Wastewater farming, Aluminum, Chemical treat- 
ment, Hydrogen ion concentration, Iron, Lime, 
Organic matter, Sludge treatment. 


A rise in pHw (H20) of three mineral soils was 
obtained with Al precipitated sludge due to the 
decrease in exchangeable Al content. The content 
of organic matter complexed (AAA-EDTA ex- 
tractable) Al increased in the soils. The sludges 
precipitated with Fe had no effect on soil pHw and 
exchangeable Al in comparison to the no sludge 
treatment. Ca sludge as well as lime stabilized 
sludges elevated soil pHw by 0.5-i.5 units. The 
increase in soil organic matter content obtained 
with sludges was only slight, Fe + Al sludges 
resulting in the highest increases. Extractable P 
content of soils treated with Al sludge was lower 
than that of soils treated with Fe + Al or Fe 
sludges. In limed soils (pHw 6.5) the P contents 
did not deviate. The greatest increase in soil ex- 
tractable P content was obtained with Ca sludge. 
(See also W90-10156) (Author’s abstract) 
W90-10158 


MONTEREY WASTEWATER RECLAMATION 
STUDY FOR AGRICULTURE. 

B. Sheikh, R. P. Cort, W. R. Kirkpatrick, R. S. 
Jaques, and T. Asano. 

Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 216-226, 
May/June 1990. 6 fig, 6 tab, 9 ref. 


Descriptors: *Agriculture, *Crop yield, *Irrigation 
practices, *Monterey, *Municipal wastewater, 
*Reclaimed water, *Wastewater irrigation, Broc- 
coli, California, Cauliflower, Chlorine, Fertilizers, 
Heavy metals, Salinity, Sodium, Soil contamina- 
tion, Soil water, Water reuse. 


The results obtained from the 5-year Monterey 
Wastewater Reclamation Study for Agriculture 
(MWRSA) indicate that the use of reclaimed water 
for food crop irrigation is safe and acceptable. No 
drawbacks in terms of soil or groundwater quality 
degradation were observed. Conventional farming 
practices were shown to be adequate, and the 


marketability of the produce did not appear to 
pose any obstacles. Irrigation with highly treated 
municipal wastewater produced excellent yields of 
high-quality produce. Cauliflower and broccoli 
yields were significantly improved by irrigation 
with reclaimed water. No problem was observed 
with the accumulation of heavy metals in the crops 
or the soil due to reclaimed water use. The con- 
ventional use of fertilizers was found to add far 
greater quantities of heavy metals. Chlorine residu- 
als, varying over a wide range in the reclaimed 
water, had no observable effect on crops. Hence, 
dechlorination is not necessary or desirable. With 
regard to salinity and levels of sodium, reclaimed 
water generally fell within the favorable range for 
irrigation. In general, a high SAR (sodium adsorp- 
tion ratio) is only a problem if overall salinity is 
low. Higher SAR values in reclaimed water from 
the T-22 and FE (filtered effluent) processes were 
offset by the correspondingly higher levels of total 
dissolved solids. During the course of the study, 
reductions in permeability of reclaimed water-irri- 
gated soils were not observed. The MWRSA has 
successfully proved the acceptability of irrigating 
food crops with reclaimed water from the stand- 
points of regulatory agencies, farmers, consumers, 
and wastewater treatment agencies. (Author’s ab- 
stract) 

W90-10308 


TOLERANCE OF CHLORIDE AND SUL- 
PHATE SALINITY IN CHICKPEA (CICER 
ARIETINUM). 

Haryana Agricultural Univ., Hissar (India). Dept. 
of Soils. 

H. R. Manchanda, and S. K. Sharma. 

Journal of Agricultural Science JASIAB, Vol. 113, 
No. 3, p 407-410, December 1989. 1 fig, 2 tab, 10 
ref. 


Descriptors: *Chlorides, *Crop yield, *Legumes, 
*Plant physiology, *Saline soils, *Salinity, *Salt 
tolerance, *Soil chemistry, *Soil-water-plant rela- 
tionships, *Sulfates, Agriculture, Arid lands, Con- 
ductivity, India, Irrigation. 


In India, the chickpea (Cicer arietinum) is the most 
important pulse crop of arid and semi-arid areas. A 
greenhouse study evaluated the effects of chloride 
and sulfate salinity on the yield and mineral com- 
position of the chickpea at different electrical con- 
ductivities (ECe). Chickpea cultivars H208 and 
H355, recommended for irrigated and dry land 
conditions, were grown to maturity in sandy soil 
dominated by either chloride (Cl) or sulfate (S04) 
salts of Na, Ca, and Mg. Each chloride and sulfate- 
dominated irrigation treatment had six ECe values, 
ranging from 0.08 to 8.0 dS/m, including the con- 
trol. Six plants were grown and when water stress 
was observed, the pot was irrigated with 400ml 
distilled water. Mineral analyses for half the plants 
were carried out at flower initiation (three months 
old). Dry matter (straw) and seed yields were 
recorded for the rest at maturity. Mineral composi- 
tion was similar for both cultivars, but results are 
reported only for H208. Both cultivars had lower 
Na, N, P, K, and Mg levels than the control at the 
same ECe value in Cl-dominated salinity than in 
SO4-dominated salinity. However, the plants had a 
higher Cl and Ca level than the control at the same 
ECe value in Cl-dominated than in SO4-dominated 
salinity. Even at high ECe values, both cultivars 
produced about twice as much more straw than 
the control in SO4-dominated salinity than they 
did in Cl-dominated salinity. The seed yield for 
both cultivars in Cl-dominated salinity decreased 
more significantly than the control at ECe values 
as low as 3 dS/m whereas, in SO4-dominated 
salinity, seed yield for H355 was significantly 
greater than in the control, even at the higher ECe 
value of 5 dS/m. The data show that chickpea 
cultivars H208 and H355 are not tolerant of Cl- 
dominated salinity, but are moderately tolerant of 
SO4-dominated salinity. The data also show that 
H208 is less salt-tolerant than H355. (Dublin-PTT) 
W90-10331 


LARGE-SCALE IRRIGATION AND DRAINAGE 
SCHEMES IN PAKISTAN. 
Illinois Univ. at Urbana-Champaign. 





S. H. Johnson. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 58-77, 3 
fig, 17 tab, 25 ref. 


Descriptors: “Irrigation, ‘*Irrigation practices, 
*Pakistan, *Project planning, *Saline soils, *Saline 
water, *Water resources management, Developing 
countries, Regional development, Salinity control, 
Tubewell drainage, Water resources development. 


The historical development, implementation, and 
management of Pakistan’s Salinity control and 
Reclamation Projects (SCARP), using field and 
management data from SCARP-I, SCARP-II, and 
Khairpur SCARP is presented. The direct eco- 
nomic feasibility of the SCARPS is also considered 
and compared with that of private tubewell devel- 
opment. Because of its unique size and flat topog- 
raphy, Pakistan selected public vertical tubewell 
drainage as a medium term solution to its problems 
of waterlogging and soil salinity. Recognized man- 
agement problems with tubewell operators and 
jurisdictional conflicts between irrigation and 
tubewell circles should have led to needed internal 
administrative adjustments, but the bureaucracy 
did not respond. Lessons for future development 
include: (1) in selecting technology a system to 
monitor project implementation is a necessity; (2) 
administration of large projects also requires an 
internal organization to maintain constant project 
review; (3) administrative jurisdiction must be 
clearly defined with no areas of ambiguity or over- 
lap; (4) on projects that involve lengthy planning 
and construction periods, it should be recognized 
that farmers’ expectations and behavior change 
over time; and (5) water pricing and collection 
policies need to be tied to costs so that users who 
benefit from the system pay for the services. Even 
with improved management of the SCARPs, more 
private tubewell development, further expansion of 
surface water supplies, and increased intensifica- 
tion of agricultural production, salts have contin- 
ued to accumulate in the soil and associated 
Pa mona Only when equality between salts 

lowing into the system and salts flowing out of the 
system is reached will long-term irrigated agricul- 
ture be possible. This fact was known and plainly 
stated, but it has been ignored in the rush to 
develop the SCARP areas, SCARPs are not a 
long-term solution; they only delay the eventual 
need to remove salts from the irrigated area. The 
government will have to provide additional funds, 
and commit additional administrative and technical 
personnel. (See also W90-10358) (White-Reimer- 


PTT) 
W90-10363 


GROUNDWATER DYNAMICS INFLUENCED 
BY IRRIGATION AND ASSOCIATED PROB- 
LEMS OF RIVER SALINATION; BREEDE 
RIVER, WESTERN CAPE PROVINCE, R.S.A. 
Hydrological Research Inst., Pretoria (South 
Africa). 

For primary bibliographic entry see Field 5B. 
W90-10517 


GROUNDWATER HYDROLOGY AND SALINI- 
TY IN A VALLEY IN NORTHEAST THAI- 


LAND. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). 

For primary bibliographic entry see Field 2F. 
W90-10518 


3D. Conservation In Domestic and 
Municipal Use 


MANAGING PUBLIC WATER SUPPLIES 
DURING DROUGHTS, EXPERIENCES IN THE 
UNITED STATES IN 1986 AND 1988. 

North Carolina Water Resources Research Inst., 
Raleigh. 

D. H. Moreau, and K. W. Little. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165192/ 
AS. Price codes: A08 in paper copy, AOI in micro- 
fiche. UNCI-WRRI Report 250, Sept. 1989. 149p, 


WATER SUPPLY AUGMENTATION AND CONSERVATION—Field 3 


Conservation In Agriculture—Group 3F 


57 fig, 11 tab, 62 ref. USGS Contract 14-08-0001- 
G1487. 


Descriptors: *Drought contingency plans, 
*Drought management, *Municipal water, *Water 
conservation, *Water supply, Decision making, 
Demand forecasting, Drought, Model studies, 
Risks, Water demand, Water use. 


Results of two surveys of drought management in 
municipal water supply systems are reported in this 
study. One survey covered the drought in the 
Southeast in 1986; the other the nationwide 
drought in 1988. A number of case studies are used 
to Poe gg the current state of practice in greater 
detail. It also includes the development of a risk- 
based drought management model, and it examines 
the effectiveness of drought management plans 
with the use of models for daily water use. Among 
the major findings of the surveys are: (1) 50% of 
all urban water supplies in the country were ad- 
versely affected by the drought of 1988; (2) slightly 
less than 50% of all the utilities had drought con- 
tingency plans in place before 1988, (3) less than 
30% of the respondents in the survey had any kind 
of quantitative method to support making of deci- 
sions during droughts; (4) the existence of a 
drought policy had a positive effect on the effec- 
tiveness of conservation programs; and (5) the 
existence of a decision support system had a posi- 
tive effect on the level of satisfaction with deci- 
sions. The case studies revealed a wide range of 
practices in drought management, but for the most 
part, municipalities are still basing plans on histori- 
cal droughts. The study also shows the kinds of 
errors that are commonly made in estimating the 
effectiveness of conservation programs in absence 
of appropriate models for comparing water use 
with conservation with what it would have been 
without conservation. (USGS) 

W90-09513 


HISTORICAL ACCOUNT OF PUBLIC WATER 
SUPPLIES IN NORTH CAROLINA. 

North Carolina Water Resources Research Inst., 
Raleigh. 

For primary bibliographic entry see Field 5F. 
W90-09546 


WITHDRAWAL AND DISTRIBUTION OF 
WATER BY PUBLIC WATER SUPPLIES IN 
OHIO, 1985. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

V. E. Nichols. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
ae Report 89-423, 1989. 12p, 6 fig, 3 tab, 6 
ref. 


Descriptors: ‘*Distribution, *Municipal water, 
*Ohio, *Water supply, *Water use, *Withdrawal. 


Public water supplies in Ohio withdrew 1,420 mil- 
lion gal/day in 1985 to supply 83% of the State’s 
population. The State ranked seventh in the nation 
in public-water-supply withdrawals and sixth in the 
population (8.9 million) served by public water 
suppliers. Ohio ranked thirty-first in per capita use 
at 160 gal/day, whereas the national average was 
183 gal/day. Comparison of the population trend 
with the reservoir-storage trend from 1880 to 1985 
in Ohio indicates an increasing reliance by public 
water supplies on Ohio’s surface-water sources. 
Countries reporting high per capita usage rates 
generally are in the northern part of the State and 
generally tap surface-water sources. Counties char- 
acterized by high per capita use also tend to be in 
areas of high population density. The Ohio Depart- 
ment of Natural Resources and the Ohio Environ- 
mental Protection Agency maintain statewide in- 
ventories of water-use data and are the principal 
sources of public-water-supply data at the State 
level. (USGS) 

W90-09893 


3E. Conservation In Industry 


TECHNOLOGICAL PROGRESS IN ALASKA 
PLACER MINING OPERATIONS. 


For primary bibliographic entry see Field 5G. 
W90-10082 


PLACER MINING AND SURFACE DISTURB- 
ANCE ON PUBLIC LANDS IN ALASKA: TECH- 
NICAL ASPECTS OF MITIGATION AND REC- 
LAMATION. 

Bureau of Land Management, Anchorage, AK. 
Alaska State Office. 

For primary bibliographic entry see Field 5G. 
W90-10099 


3F. Conservation In Agriculture 


DEVELOPMENT AND FIELD EVALUATION 
OF A CATENARY TRAIL-TUBE SYSTEM FOR 
REDUCING IRRIGATION WATER LOSSES. 
South Dakota State Univ., Brookings. Dept. of 
Agricultural Engineering. 

For primary bibliographic entry see Field 7B. 
W90-09525 


COMPARISON OF AGRICULTURAL NON- 

POINT SOURCE RUNOFF FROM NO-TILL 

AND CONVENTIONAL TILL VEGETABLE 

CROP TEST PLOTS. 

South Carolina Univ., Columbia. Dept. of Civil 

Engineering. 

For primary bibliographic entry see Field SB. 
90-09550 


RECENT DEVELOPMENTS FOR IMPROVING 
WATER MANAGEMENT IN SURFACE AND 
OVERHEAD IRRIGATION. 

Silsoe Coll. (England). 

M. Kay. 

Agricultural Water Management AWMADF, Vol. 
17, No. 1/3, p 7-23, January 1990. 3 fig, 1 tab, 40 
ref. 


Descriptors: *Agriculture, *Irrigation efficiency, 
*Irrigation practices, *Overhead irrigation, *Sur- 
face irrigation, *Water management, Agricultural 
water, Developing countries, Infiltration, Reviews, 
Sprinkler irrigation, Training. 


Current technological developments in surface and 
overhead irrigation are reviewed against the back- 
ground of the main problems facing irrigation 
schemes in developing countries. Irrigation supply 
systems which give the farmer flexibility to re- 
spond to water requirements include gated-pipe, 
surge irrigation, and cablegation. The concept of 
designing for management is a major theme of the 
review and numerous examples are given where 
the complexities of management have been de- 
signed into technology to simplify operational pro- 
cedures and provide the potential for higher levels 
of irrigation efficiency. Cultivation practices are 
important to the efficient use of irrigation water by 
encouraging rapid infiltration, storing water on the 
soi! surface while it infiltrates, or controlling the 
surface movement of water to some point where it 
can infiltrate most effectively. The role of training 
and the use of novel role playing ‘games’ is also 
discussed as a means of improving efficiency. 
(Sand-PTT) 

W90-09562 


DRAG LINE IRRIGATION: PRACTICAL EXPE- 
RIENCES WITH SUGAR CANE. 

Lonrho PLC, London (England). 

H. Zadrazil. 

Agricultural Water Management AWMADF, Vol. 
17, No. 1/3, p 25-35, January 1990. 7 fig, 4 tab. 


Descriptors: *Agriculture, *Developing countries, 
*Drag line irrigation, *Irrigation practices, *Sprin- 
kler irrigation, *Sugarcane, *Water management, 
Agricultural water, Capital costs, *Kwa-Zulu, 
Labor, Operating costs, South Africa, Swaziland. 


Drag line irrigation is defined as an overhead 
sprinkler system, where sprinklers are connected 
by means of portable hoses and permanent or semi- 
permanent pipes to a pressurized water supply. 
The system has been derived from the convention- 
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al sprinkler system of portable pipes in order to 
reduce the labor required for its operation. This 
has been achieved with a modest increase of cap- 
ital costs, well below the comparative costs of 
other kinds of more automatic irrigation systems. 
Particular reference is made to Swaziland, South 
Africa and Kwa-Zulu, where drag line irrigation 
for sugar cane has been in operation for many 
years. According to climatic conditions, applica- 
tion rates have been designed for values between 
0.5 and 1.0 L/s/ha. Alternative layouts are de- 
scribed with varying lengths of hoses, for perma- 
nent PVC laterals or semi-permanent portable 
pipes. Drag line irrigation can be well adapted for 
the irrigation of large areas of big estates or for 
smallholder irrigation with plot sizes as small as 1 
ha and less. It can be successfully integrated with a 
conservation contour layout as required in hilly 
areas for erosion control. Labor requirements for 
the operation, suitably expressed in cu m irrigated 
per man-day, favorably to labor requirements for 
some other irrigation systems; 855 cu m/man-day 
for a drag-line system vs. 275 to 777 cu m/man-day 
for other irrigation systems. Details of a particular- 
ly practical design for the application of 60 m 
irrigation with a sprinkler spacing of 18 x 18 m and 
2 sprinkler moves in 24 h are presented. Energy 
requirements are similar to those for conventional 
systems. Advantages to be gained by subdividing 
the scheme in 2 or more pressure zones in hilly 
areas are pointed out. (Sand-PTT) 

W90-0956: 


LOW HEAD DRIP IRRIGATION SYSTEM FOR 
SMALLHOLDINGS. 

Wimpey Labs. Ltd., Hayes (England). 

E. Miller. 

Agricultural Water Management AWMADF, Vol. 
17, No. 1/3, p 37-47, January 1990. 6 fig, 3 tab, 2 
ref. 


Descriptors: *Agriculture, *Developing countries, 
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Standard drip irrigation, which has been used suc- 
cessfully for sugar cane production in Hawaii and 
Mauritius, is often too expensive for the small- 
holder with a cultivated area of one hectare or less. 
A low head (by which is meant 2 m water head or 
less) drip irrigation (LHD) system can provide all 
the advantages of a standard drip irrigation system 
while being substantially less costly. By using an 
in-field water storage tank the water use control of 
the system can be facilitated with a very low level 
of operational and maintenance management. The 
uniformity of application of the irrigation attain- 
able by the LHD system was analyzed. For irrigat- 
ed areas of approximately one hectare or less the 
uniformity of application can be within acceptable 
limits if the irrigated area is sensibly level (within 
0.2 m about a mean). The emitter type and rating 
are also factors that affect uniformity of applica- 
tion. An emitter of the hydraulically turbulent type 
will maximize low head flow. The lower the emit- 
ter application rate, the lower will be the system 
losses and the better the uniformity of application. 
However, this will increase the irrigation time and 
should be consistent with the emitter flow passages 
being as large as practical. (Sand-PTT) 
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A major aim of irrigation is to minimize plant 
water deficits. The development of water deficits 
in field crops and the methods used to measure the 
deficit, with particular emphasis on their use in 
irrigation management are described. Examples 
from cotton, sunflower, lupin, pasture medic and 
sugarcane demonstrate that mild water deficits do 
not necessarily reduce yields and in some circum- 
stances can enhance yields, e.g. soybean and sun- 
flower. These observations have important impli- 
cations for irrigation management. Data are pre- 
sented to show that irrigation can be reduced and 
mild water deficits developed without any yield 
loss in sugarcane. Utilizing irrigation over a great- 
er land area with a smaller water input per unit 
area should enable better use of limited resources. 
(Sand-PTT) 
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Soil moisture conditions created under drip irriga- 
tion have an important effect on crop growth and 
yield. A trial was carried out in Mauritius to deter- 
mine the most appropriate combination of irriga- 
tion regime, dripline placement and row spacing 
for drip irrigated sugar cane grown under local 
conditions. Measurements were made of cane 
growth and yield on 14 treatments throughout 3 
crop seasons (a plant cane crop and two ratoon 
crops). Detailed measurements were also made of 
the distribution of soil water potential on each of 
the 14 treatments using two-dimensional arrays of 
tensiometers. Row spacing did not have an effect 
on yield. Although subrow dripline placements 
gave better yields than alternate interrow place- 
ments overall, the pineapple spacing with dripline 
in the narrow interrow has the advantage that it is 
the cheaper option in terms of capital investment. 
However, pineapple spacing treatments with dri- 
plines in the narrow interrow appear to be more 
susceptible to over-irrigation than equivalent 
subrow dripline placements. An irrigation regime 
of 0.5 ETc ( potential evaporation) during the 
tillering phase appears not to affect the final yield 
and should therefore be preferred as it will enable 
larger areas to be irrigated in regions where water 
supply is limited. Irrigating with drip at nominally 
half cane water requirements is fundamentally dif- 
ferent to irrigating at half water requirements with 
other methods of irrigation in that the efficient 
daily application of water prevents the build-up of 
critical stress levels. In years of well-distributed 
rainfall, an irrigation regime of 0.5 ETc is sufficient 
to produce potential or near potential yields. How- 
ever, more work needs to be directed towards 
developing a rainfall model which increases the 
irrigation to 1.0 ETc if a dry period is extensive 
during the elongation phase. (Sand-PTT) 
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Sugarcane’s annual growth is divided into the 
three development phases of germination and til- 
lering, stalk growth and maturation. An experi- 
ment conducted in Swaziland compared conven- 
tional irrigation scheduling and a revised conserva- 
tive regime in ratoon cane. Within each growth 
stage two disparate irrigation schedules were 
adopted. In the germination phase the cane was 
irrigated after harvest and then either regularly 
according to Et/Eo ratios based on development 
of cane canopy or not again until the commence- 
ment of rapid stalk elongation. During the period 
of stalk growth irrigations were scheduled assum- 
ing Et/Eo ratios of either 1.0 or 0.8. The cane was 
dried off in the maturation phase when the predict- 
ed accumulated evaporation prior to harvest was 
expected to be either 1 1/2 or 3 times the total 
available moisture. Results showed that there was 
no reduction in cane yield with the drier irrigation 
regimes. Withdrawal of irrigation in the tillering 
phase tended to increase cane and sucrose yield 
and the longer drying off period marginally im- 
proved cane quality in terms of sucrose %. Pest 
and disease susceptibility was not increased with 
the dry regimes. Important savings in water ap- 
plied were achieved. (Author’s abstract) 
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The island of Mauritius has a mosaic of micro- 
climate and soil type. Water is becoming a scarce 
resource due to an expanding population and in- 
dustries. To meet the objectives of the national 
agricultural diversification program, productivity 
on cane lands has to increase significantly with a 
concurrent increase in irrigation water use efficien- 
cy. Very little research has been undertaken to 
improve the low efficiency of surface irrigation. 
Some recommendations are available for overhead 
irrigation following soil physics and crop water 
requirement studies. A number of factors which 
influence cane yield under drip irrigation have 
been studied. Suggestions are made for future re- 
search studies to enhance the development of irri- 
gation. The present practices of irrigating sugar- 
cane are reviewed as well as yields achieved and 
economic aspects. Training in the operation and 
management of irrigation systems seems to be a 
key element to ensure profitability. (Author’s ab- 
stract) 
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A network of automatic weather stations each 
having six sensors (solar radiation, temperature, 
humidity, wind, rainfall and leaf wetness) was set 
up across the island of Reunion in December 1983. 
Most stations provide data for rainfed and irrigated 
sugar cane research projects. Modifications were 
made to adapt the stations to tropical conditions to 
increase the reliability of the network. These in- 
clude the installation of the central unit in a water- 
proofed concrete housing unit to counter the risk 
of damage by cyclones, the use of natural ventila- 
tion and silica gel for desiccation in order to pro- 
tect the equipment against the persistent high hu- 
midity which causes oxidation of components and 
favors the growth of mold, and modifications to 
protect the equipment against insect damage. The 
data collected were used to calculate evapotran- 
spiration (ETP according to Penman’s formula). 
Monthly data have shown close correlation be- 
tween ETP and altitude for the cane growing areas 
of the island. The dominant influence of radiation 
on the estimates of ETP was confirmed and the use 
of the radiation formula to estimate 10-day mean 
ETP is proposed. The satisfactory correlation ob- 
tained between ETP and solar radiation suggests 
that irrigation scheduling could be carried out at 
low altitude using only one climatic parameter 
(solar radiation). A simple relationship was sug- 
gested for the irrigated area at Bras de la Plaine. 
(Author’s abstract) 
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The Simunye Sugar Estate installed drip irrigation 
in a 40 ha commercial cane field in 1982 and 
developed 560 ha of new land under drip irrigation 
for alternate crops in 1985. Both installations have 
proved successful and the 560 ha development 
must represent one of the biggest centrally com- 
puter controlled installations in existence. The 
equipment installed, the performance of the system 
and the experience gained during the design, im- 
plementation and operation of the irrigation instal- 
lations are described. It is concluded that installa- 
tion of a fully automated drip irrigation system 
should only be contemplated for a well organized 
sophisticated management situation. Malfunctions 
of equipment and components require constant 
monitoring and rectification as consequential losses 
are large. Provided these conditions are met drip 
irrigation can provide an excellent irrigation 
system with efficient water use, low energy costs 
and low labor requirements. (Sand-PTT) 
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Knowledge of soil physical properties has contrib- 
uted substantially to the understanding of how 
much water to apply to re-wet the soil and of how 
water is distributed away from points of applica- 
tion. However, the development of drip irrigation 
requires that water applied to a limited soil volume 
should be freely available enough to enable maxi- 
mal growth but not contribute to drainage. The 
physical bases for estimating the quantity of water 
to apply, and for calculating the movement of 
water in soils, are reviewed and the problems of 
using them in drip irrigation are discussed. Rooting 
depth and distribution contribute to the actual rate 
at which water is utilized and the preferential 
wetting of limited soil volumes can modify these 
features. In practice, biological knowledge is essen- 
tial to quantify water use, water distribution and 
response to irrigation. (Author’s abstract) 
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A concept of soil water status, expressed in terms 
of soil water potential, was developed within a 
study of plant/soil water relations in drip irrigated 
sugar cane trials in Mauritius. Unlike surface or 
overhead irrigation, soil water distribution result- 
ing from drip irrigation is not one-dimensional; 
simple soil water content concepts such as field 
capacity and available water capacity are inappro- 
priate. Soil water potential data derived from verti- 
cal arrays of tensiometers set out across the crop 
row/dripline units were used to plot and quantify 
the soil water distributions resulting from the many 
different treatments and regimes. The soil water 
status concept enabled the extensive soil water 
potential dataset to be presented in condensed dia- 
grammatic and numeric form. This facilitated com- 
parisons between treatments, crop years and spe- 
cific growth stages and provided data for mathe- 
matical treatments and correlation between soil 
water conditions and plant physiological and agro- 
nomic data. (Author’s abstract) 
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A method was developed for scheduling the drip 
irrigation of sugar cane using ‘index’ tensiometers. 
Water is applied to maintain a chosen point in the 
profile near the dripline and root zone at a constant 
soil moisture potential. The quantities of water to 
apply each day are determined from the tensiome- 
ter readings using simple guidelines. The method 
does not require estimates of crop evaporation or 
measurements of rainfall. A field trial was run to 


compare the index method of control with irriga- 
tion control based on water budgeting using esti- 
mates of crop evaporation derived from potential 
evaporation values. Using the evaporation method 
for control, treatments were given their full water 
requirement (1.0 ETc) or half their water require- 
ments (0.5 ETc) when irrigation was necessary. 
The amount of water applied to the index treat- 
ments lay between that applied to treatments given 
1.0 ETc and that given to treatments receiving 0.5 
ETc. Compared to the treatments receiving 1.0 
ETc, the main saving of water by index control 
was made in the tillering phase. Overall, yields 
obtained using index control were slightly better 
than with water budget control. The best yields 
were obtained with index control, but in the crop 
season concerned, which had above average, and 
well distributed rainfall, good yields were obtained 
from the 0.5 ETc treatments. These had the high- 
est water use efficiency. There seems to be scope 
for modifying the index method to make greater 
use of water stored in the profile after rainfall, to 
improve the water use efficiency. This applies par- 
ticularly to the boom phase of cane growth, which 
in Mauritius coincides with the wettest time of the 
year. (Author’s abstract) 
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Sorghum/pigeonpea and millet/groundnut inter- 
cropping systems are used to illustrate temporal 
and spatial complementarity and the magnitude of 
yield advantages that can be achieved in intercrop- 
ping compared with sole cropping. The concept of 
considering environmental resource use in terms of 
‘resource capture’ and ‘resource conversion effi- 
ciency’ is outlined and used to examine the re- 
sources of light, water and nutrients. Improved 
water use in sugarcane intercropping (e.g with 
groundnuts or potatoes) depends mainly on tempo- 
ral complementarity; the intercrops must mature 
early enough not to compete with the late matur- 
ing sugarcane. The major effect is that intercrops 
use some of the water that would otherwise be lost 
as evaporation are drainage. (Sand-PTT) 
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Short term legumes are considered effective com- 
panion crops to most cropping systems, including 
sugarcane during the early growth stages. This is 
attributed to the ability of these legumes to in- 
crease the productivity of the land, especially in 
smallholder allotments. A study was conducted to 
determine the effects of four different irrigation 
frequencies on the growth and yields of mung 
beans and bush beans. The study included one 
variety from each species (selected on the basis of 
crop duration), four irrigation frequencies and two 
soil types commonly found in the sugarcane grow- 
ing areas of Sri Lanka. Plants of both species 
growing at a high moisture content and when 
water was applied at planting and flowering indi- 
cated best growth and yields. However, the supply 
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of irrigation water at planting alone affected the 80 
day mung bean crop to a greater extent than the 55 
day bush bean crop, especially in the sandy soil. 
The effect of irrigating the crop only at flowering 
indicated an inverse effect to that observed above. 
This indicates the ability of the 80 day crop to 
overcome the lack of moisture during early stages. 
In the dry season, mung bean is considered a more 
suitable companion crop for sugarcane in small- 
holder farming conditions. In the wet season, both 
species can be used as successful companion crops 
during the early growth stages of sugarcane. 
(Sand-PTT) 
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The effects of 3 emission rates (1, 2, and 4 L/h) 
from drip irrigators on the distribution and drain- 
age of water beneath a crop of sugarcane and a 
fallow plot were investigated. Soil hydraulic po- 
tential was measured regularly by a three-dimen- 
sional array of tensiometers. A computer program 
allowed linear interpolation of hydraulic potential 
between points of measurement and plotted the 
equipotential zones. Hydraulic conductivity char- 
acteristics were measured in the bare plot and the 
saturated conductivity at 77.5 cm depth used to 
estimate drainage below both vcro pped and 
fallow plots. The fastest rate of emission (4 L/h) 
resulted in greatest lateral spread of water but 
emission rate did not affect the amount of drainage. 
More drainage occurred beneath the dripline than 
farthest from it and the maximum loss by drainage 
was beneath the point half way between emitters; 
this was interpreted as due to the overlapping 
pattern of water from adjacent emitters. Although 
drainage occurred beneath the entire bare plot, a 
small amount of upward flux (< <1 mm/d) was 
observed between the cane rows. Drainage from 
the bare plot (8.2 mm/d) was greater than from the 
cane plot (0.9 mm/d). The adoption of an emission 
rate of 4 1/h and a wider spacing between emitters 
(currently 75 cm) by growers might allow the 
irrigation of a greater area of cane in these soils 
without increased drainage. (Author’s abstract) 
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Whether now is an appropriate time to invest in 
irrigation is considered given that the technical 
performance of many irrigation schemes is below 
standard and that the outlook for agricultural mar- 
kets looks bleak. Agricultural producers, in devel- 
oping countries and elsewhere, are on a technolog- 
ical ‘treadmill’ where falling commodity prices 
force the adoption of cost reducing technology 
such as new irrigation schemes or new methods of 
irrigation. However, there are many problems that 
are associated with the introduction of new tech- 
nology. Some problems are not caused by the 
technology itself but by a failure to understand 
fully pertinent institutional issues. A call is made, 
therefore, for a higher sociopolitical input into 


planning of new irrigation projects. (Author’s ab- 
stract) 
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The Small Holder Sugar Authority (SSA) in 
Malawi was established in 1978 with funds from 
the Malawi government and the Commonwealth 
Development Corporation with the objective of 
increasing small holder involvement in commercial 
farming in order to generate small holder income. 
A total of 5210 hectares was allotted under this 
plan; 660 hectares was to be irrigated land on the 
Dwanga Delta with the rest in the surrounding 
area under rainfed production. A total of 330 small 
holders were allocated 2 ha each on the Delta 
while 2275 small holders were allocated 2 ha each 
on the balance of 4550 ha. Each small holder was 
expected to be self sufficient in food from plots 
adjacent to the sugarcane fields. Cane cultivation 
at the SSA combines the efforts of the small holder 
himself and various central services provided by 
the Authority for which they are charged. These 
activities include: the distribution of irrigated 
water, cane harvesting and transport to the mill, 
hire of farm equipment, supply of fertilizers and 
seed cane, replantation of fields and management 
of small holders crop accounts. The small holders 
themselves are expected to apply fertilizers and 
pesticides, maintain roads, deal with trash, irrigate 
their crops and grow their own food crops. In 
assessing the performance of the project and its 
future viability, the importance of world sugar 
price projections and yield improvements are em- 
phasized. (Sand-PTT) 
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Production of sugarcane on the West Kano Pilot 
Scheme first began in 1975/76 following the appar- 
ent success of cane production on the nearby 
Ahero Pilot Project. Early successes with cane 
were followed by subsequent difficulties. The fail- 
ure of the West Kano Pilot Scheme is a result of 
the following: (1) The failure to evaluate fully 
experience on the trial Ahero Sugar block. Despite 
attractive yields, problems relating to marketing 
and transport were never fully evaluated or solu- 
tions sought. (2) Crop operations were highly 
mechanized. This not only increased the cost of 
the operation for the farmer but decreased his 
involvement with the crop and in turn his attach- 
ment to the scheme. (3) Insufficient attention was 
paid to the social environment and value system of 
the tenants involved in the scheme. Farmers were 
largely fishermen and livestock keepers and were 
unprepared to abandon their existing practices for 
unfamiliar activities with uncertain gains. (4) The 
far-reaching effects of weather patterns and result- 
ant yields in the areas cannot be underestimated. 
The irrigated cane matured at a time of a bumper 
rainfed crop thus precluding any inferences that 
could be made as to the contribution of irrigated 
cane to the stabilization of domestic cane supplies 
to the mills. Mishandling of the release of imported 
sugar on the local market also served to exacerbate 


the problem. (Sand-PTT) 
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Within the context of rising energy costs and limit- 
ed water resources drip irrigation of sugarcane has 
been perceived as an alternative to overhead irriga- 
tion in Mauritius. A comparative study of the 
economic and financial viability of the two systems 
of irrigating sugarcane was undertaken. Data from 
the project trials were complemented with data 
secured by annual surveys carried out on estates 
for the sated 1981 to 1985, On the basis of infor- 
mation obtained, models purporting to reflect 
operational conditions and performance in the 
three major ecological zones of the island were 
constructed. The basis for estimating capital and 
running expenses for the irrigation systems are 
given and the method and data used for assessing 
yield increments from irrigation are detailed. The 
results of the study indicate that drip irrigation 
brings higher returns than overhead irrigation 
under Mauritian operational and ecological condi- 
tions. At a more general level, the choice between 
the two methods depends on the availability (and 
therefore cost) of the relevant inputs (i.e., capital, 
labor, water and land) and achievable yield incre- 
ments. Another major determinant is prevailing 
agricultural policy. Considering Mauritian circum- 
stances where, on the one hand, all the above 
factor inputs, except capital, are growing scarcer, 
and where, on the other hand, policy is calling for 
increased sugar productivity on a reduced acreage, 
it is argued that drip irrigation provides the wiser 
choice. (Sand-PTT) 
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The Kaleya Small Holders Scheme began in 1980 
with the twin objectives of providing employment 
in sugarcane production for roughly 300 farm fam- 
ilies and meeting the growing domestic demand for 
sugar in Zambia. The scheme draws water from 
the Kafue river to cultivate 1885 hectares of cane 
land; 2/3 is cultivated by the small holders on 
average plots of 4 hectares while the remaining 1/3 
comes from the Small Holder Company which 
manages the scheme. While management-small 
holder relations have been consolidated over the 
length of the project, there have been certain prob- 
lems: (1) Poor irrigation practices. While overall 
responsibility for irrigation management rests with 
the estate, individual small holders are responsible 
for maintaining recommended regimes on their 
own plots. This often produces poor results, for 
several reasons, including absenteeism by small 
holders during the crop cycle, resulting in depar- 
tures from the recommended irrigation cycles and 
stressing of the crop, and the failure to adhere to 
the fairly rigid schedule required for irrigation. 
While attempts have been made to surmount these 
problems, lack of supervision by extension staff has 





permitted irregularities to continue. (2) Collective 
tasks. Small holders are encouraged to undertake 
some operations on a commercial basis to speed up 
the cultivation process and allow other tasks to be 
carried out. This has not always proved easy to 
implement and religious practices which forbid 
working on certain days have compounded this 
problem. (3) Hired labor. Some small holders have 
employed outside labor to help with certain oper- 
ations. A lack of familiarity with recommended 
practices and poor supervision has resulted in field 
damage and consequent problems of water applica- 
tion. (Sand-PTT) 


ASSESSMENT OF DRIP IRRIGATION OF 
SUGAR CANE ON POORLY STRUCTURED 
SOILS IN SWAZILAND. 

Royal Swaziland Sugar Corp., Simunye. 

G. H. Dodsworth, D. J. Nixon, and C. P. M. 
Sweet. 
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A trial experiment was conducted to assess drip 
irrigation for use in sugarcane, as compared to well 
managed flood irrigation. The objectives were to 
determine whether yields and ratoon life could be 
improved on saline sodic soils of low yield poten- 
tial, and also to monitor and evaluate the agronom- 
ic and operational differences of the two irrigation 
systems. In the plant crop drip irrigation gave a 
yield response of 7.5% over flood irrigation, but 
there was no response in the first or second ra- 
toons. There is apparently little yield benefit to 
drip irrigation with a 3 m alternative drip line 
ng Re these poor soils. (Author’s abstract) 


COTTON MANAGEMENT STRATEGIES FOR 
A SHORT GROWING SEASON ENVIRON- 
MENT: WATER-NITROGEN CONSIDER- 
ATIONS. 

Texas Tech Univ., Lubbock. Dept. of Agronomy, 
Horticulture, and Entomology. 

M. R. Morrow, and D. R. Krieg. 
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The Southern High Plains of Texas represents the 
largest contiguous cotton (Gossypium hirsutum L.) 
production area in the USA. Water supply repre- 
sents the greatest limitation to production under 
rainfed conditions. Where supplemental irrigation 
is used, growing season length represents a major 
limitation to attainment of high yields of desirable 
quality fiber and seed. The primary objective of 
this research project was to determine the interre- 
lationships between water, nitrogen, and heat unit 
supplies as they affect lint yield of cotton. Field 
experiments were conducted during a 4-year 
period at a sandy soil (fine, loamy, mixed, thermic 
family of Aridic Paleustalf) site. Water supply was 
varied through irrigation with treatments ranging 
from dryland to fully irrigated. Superimposed on 
the water supplies were nitrogen rate treatments 
applied preplant and sidedress in a factorial design. 
Lint yield (LY) was defined as a function of com- 
ponents including plant density, bolls per plant and 
average boll size. Regression analysis was used to 
determine LY response to treatments. Lint yield 
was most highly correlated with boll number per 
unit ground area, with equal contribution from 
plant density and bolls per plant. Water supply was 
most responsible for boll number; however, in- 
creasing nitrogen supply within each water regime 
resulted in a positive response in boll number per 
plant. Multiple regression analysis revealed that 
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LY responded to water and nitrogen supplies 
during the fruiting period to a greater extent than 
to preflower supplies. Within any heat unit regime, 
LY was maximized as water supply increased by 
maintaining a constant ratio of 0.2 kg nitrogen/ha/ 
mm water. (Author’s abstract) 


WATER DEFICIT DEVELOPMENT IN OLD 
AND NEW SOYBEAN CULTIVARS. 

Illinois Univ., Urbana. Dept. of Agronomy. 

J. R. Frederick, J. T. Woolley, J. D. Hesketh, and 
D. B. Peters. 

Agronomy Journal AGJOAT, Vol. 82, No. 1, p 
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Crop productivity depends to some degree on a 
cultivar’s capacity to maintain a high plant water 
status over a range of soil water conditions. This 2- 
year study was conducted to examine whether 
newer soybean (Glycine max (L.) Merr.) cultivars 
have more favorable leaf turgor potentials than 
older cultivars during the pod elongation and seed 
enlargement stages of crop development, and to 
determine whether the older and newer cultivars 
differ in leaf water potential components and sto- 
matal resistances when grown under drought 
stress. Two older (’Manchuw’ and ‘Dunfield’) and 
two more recent (’Clark 63’ and ‘Williams 82’) 
cultivars were field grown under irrigated (I) and 
nonirrigated (NI) conditions at Urbana, IL. Al- 
though large differences in soil water potential 
were found between the water treatments, after- 
noon leaf water potentials of the cultivars were 
decreased only an average of 0.14 MPa and after- 
noon leaf turgor potentials were not reduced as a 
result of the NI treatment. In both the NI and I 
plots, Manchu and Dunfield generally had lower 
and similar leaf turgor potentials, respectively, as 
did the modern cultivars during the day. Under NI 
conditions, greater stomatal closure occurred for 
the older cultivars than for the newer cultivars, 
indicating that the older cultivars are more effi- 
cient in conserving water under drought stress. 
(Author’s abstract) 
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USING TIME-DOMAIN REFLECTOMETRY 
TO MEASURE SOIL WATER IN HAWAIIAN 
SUGARCANE. 

Hawaiian Sugar Planters’ Association, Aiea. Ex- 
periment Station. 
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NITROGEN ADDITIONS AND LOSSES TO 
DRAINAGE IN ORCHARD-TYPE IRRIGATED 
LYSIMETERS. 

Agriculture Canada, Summerland (British Colum- 
bia). Research Station. 

For primary bibliographic entry see Field 5B. 
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RESPONSE OF WINTER WHEAT TO N AND 

WATER: GROWTH, WATER USE, YIELD AND 

GRAIN PROTEIN. 

Saskatchewan Univ., Saskatoon. Crop Develop- 
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Nitrogen and water are important variables that 
influence both grain yield and quality of wheat. 
The present study was conducted to investigate 
the combined effects of N and water on the 
growth, water use, yield and grain protein concen- 
tration of stubbled-in winter wheat produced in 


Saskatchewan. Seven field experiments were con- 
ducted between 1984 and 1986 on a range of soil 
types. Irrigation to approximately 150% of normal 
growing season precipitation significantly in- 
creased grain yield in five of the seven trials. A 
significant reaction between water and nitrogen 
was recorded for grain yield in the remaining two 
trials. Grain yield response to irrigation averaged 
109 kg/ha/mm at total available N levels above 
140 kg/ha. In trials where residual soil NO3-N to 
61 cm averaged 40 kg/ha, 62% of the grain yield 
increase was due to fertilizer N while 38% of the 
grain yield increase was due to the interaction 
between water and fertilizer N. Increases in grain 
yields due to N and water were attributed to 
increased levels of pre-anthesis dry matter, a 
higher number of kernels per square meter and an 
improved water use efficiency (kg/ha grain/mm 
total crop water use). The semidwarf cultivar 
Norwin and the tall cultivar Norstar responded 
similarly to N fertilization. In one trial, where 
moisture conditions were very favorable, a water x 
cultivar interaction indicated a greater response of 
Norwin to irrigation. The Gompertz equation was 
used to describe grain protem concentration-N re- 
sponse. The coefficient that describes the initial lag 
phase of this function was correlated with dry 
matter at anthesis (r = 0.97**) and root zone 
extractable water at stem elongation (r = 0.85**). 
These observations demonstrate that as pre-anthe- 
sis growing conditions improve more N is required 
to produce an increase in grain protein concentra- 
tion above a minimum 8.2%. (Author’s abstract) 
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EFFECTS OF FLURPRIMIDOL, MEFLUI- 
DIDE, AND SOIL MOISTURE ON ST. AUGUS- 
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Hortscience HJHSAR, Vol. 25, No. 4, p 439-441, 
April 1990. 3 tab, 18 ref. 


Descriptors: *Evapotranspiration, *Grasses, *Irri- 
gation efficiency, *Plant growth substances, *Soil 
water, Flurprimidol, Leaves, Lysimeters, Meflui- 
dide, St Augustine grass, Water use efficiency. 


Since water costs are projected to increase and 
water availability to decrease, research is needed 
concerning methods to reduce turfgrass water use. 
The objective of this study was to determine the 
effects of two plant growth regulators (PGR) and 
two soil moisture levels (SML) on the evapotran- 
spiration (ET) rate, leaf extension rate (LER), and 
visual turfgrass quality of ‘Texas Common’ St. 
Augustinegrass (Stenotaphrum secundatum (Walt.) 
Kuntze) grown under glasshouse conditions in 
black plastic mini-lysimeters. Treatments included 
mefluidide at 0.42 kg/ha, flurprimidol at 0.84 kg/ 
ha, and no PGR, each grown under optimal (-0.01 
MPa) or suboptimal (-0.8 MPa) SML. Both Flur- 
primidol and mefluidide significantly affected ET 
rate, LER, and turfgrass quality, whereas the dura- 
tions of the responses to both PGR treatments 
were affected by SML. For both SML, the dura- 
tions of the responses to both PGR treatments 
were affected by SML. For both SML, the dura- 
tions of significant reduction in ET rate, LER, and 
turfgrass quality were longer for flurprimidol than 
for mefluidide. Application of either PGR at either 
SML caused a significant reduction in ET rate 
averaging 18% and a significant reduction in LER 
averaging 83%. Flurprimidol was more effective 
than mefluidide in terms of ET rate and LER 
reduction. However, the considerably longer dura- 
tion of reduced turfgrass quality of flurprimidol- 
treated turf was a negative effect. (Author’s ab- 
stract) 
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A microcomputer model called PUMPMOD was 
developed for simulating the operation of multi- 
pump rice-irrigation systems. The model works on 
a daily basis; the principal inputs required to run it 
are the number of pumps operating and duration of 
their operation in relation to rainfall, demand for 
water in the field, and the irrigation distribution 
schedule followed in the system. The model cap- 
tures the temporal and spatial changes in the water 
demand-and-supply relationship within the system 
as land-soaking, land-preparation, transplanting 
and crop-irrigation activities progress within a 
season. The principal outputs of the model are the 
extent of area that can be land-prepared, trans- 
planted to rice and supported with required irriga- 
tion water until the crop reaches maturity. PUMP- 
MOD has been adapted and evaluated for a rice 
irrigation system in The Philippines and uses four 
pumps of about 6.0 cu m/sec total discharge capac- 
ity, using field data collected during eight consecu- 
tive seasons and taking into account its existing 
major physical and socio-economic constraints 
which influence the operation of the system. The 
results are satisfactory. PUMPMOD is designed to 
be used as a tool for making decisions to optimize 
the supply of irrigation water from the source in 
relation to rainfall and field-water demands. It can 
also be used for various investigative purposes, 
including the evaluation of the efficacy of alterna- 
tive designs to allocate and distribute water for 
maximizing irrigation benefits. (Author’s abstract) 
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IMPACT OF VARYING WATER SUPPLY ON 
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The direct and indirect impacts of varying irriga- 
tion water supplies on rice yields were estimated 
for a set of tank irrigation systems in South India. 
The relationships between rice yields, water 
supply, production inputs, and management were 
quantified through a simultaneous-equation model. 
The model captured the direct effect of varying 
water supplies on rice yield through the influence 
of moisture stress on crop growth, and indirect 
effects through its influence on farmer’s use of 
complimentary inputs such as fertilizer and crop 
management. Factors contributing to high and low 
on-farm rice yields were examined. In water-sur- 
plus years, sub-optimal crop management contrib- 
uted about 57% to rice yield difference between 
low and high yielding rice farms. In water-deficit 
years, inadequate water supplies accounted for 
about 60% of the rice yield difference, with poor 
crop management (34%) the second most impor- 
tant factor. (Author’s abstract) 

W90-09653 


EFFECT OF SPATIAL VARIABILITY ON THE 

ESTIMATION OF THE SOLUBLE SALT CON- 

Lat IN A DRIP-IRRIGATED SALINE LOAM 
IL. 

Stellenbosch Univ. (South Africa). Faculty of Ag- 

riculture. 

J. H. Moolman. 


Agricultural Water Management AWMADF, Vol. 
15, No. 4, p 361-376, July 1989. 7 fig, 6 tab, 14 ref. 


Descriptors: *Drip irrigation, *Irrigation, *Saline 
soils, Loam, Mathematical models, Spatial distribu- 
tion, Vine crops. 


The distribution and total mass of soluble salt in a 
drip-irrigated vineyard was investigated. Eighty- 
four positions in a 0.52 ha area were sampled at 
five depths each, resulting in a total sample number 
of 420. The salt content increased exponentially 
with distance from the emitter. At equal distances 
from the emitter, significantly higher values were 
observed outside, compared to within, the vine- 
yard row. Outside the row the salt content de- 
creased significantly with depth, but within the 
row it was constant down to | m. Depth, distance 
from emitter, and position relative to the emitter 
could account for 52% of the observed variation in 
salt content. The total salt mass within the study 
area to a depth f 1 m was estimated to be circa 22.5 
ton/ha. Calculation of the required sample size, 
combining the central limit theorem with the statis- 
tics of the present study, showed that at certain 
spatial positions relative to an emitter, the type IT 
error of erroneously accepting the null hypothesis 
and the first estimate of the salt content could be as 
high as 41%. The initial sampling scheme could be 
improved by taking into account the observed 
spatial variation. (Author’s abstract) 
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LINEAR AND NONLINEAR SOLUTION OF 
THE BOUSSINESQ EQUATION FOR THE BI- 
LEVEL DRAINAGE PROBLEM. 

Basrah Univ. (Iraq). Dept. of Civil Engineering. 
For primary bibliographic entry see Field 4B. 
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Part of the runoff water from sloping redsoils of 
the Andhra Pradesh region was stored and used 
for local irrigation of several crops over several 
years, during which rainfall varied widely in the 
cropping period. This type of utilization of har- 
vested water is unique in the semi-arid tropics. 
Judicious application of small amounts of water 
through alternate furrows to wet the root zone 
during a stress period increased yields significantly. 
Response to irrigation decreased with increasing 
soil moisture in the root zone. Irrigation was bene- 
ficial in both sub-normal and normal rainfall condi- 
tions during the cropping period. With above 
normal rainfall there was hardly any need for 
irrigation. According to rainfall probability, ex- 
pected yield increases of sorghum and castorbean 
over time were on average 251 and 523 kg/ha with 
irrigation of only 15 and 50 mm, respectively. With 
only 20 mm of irrigation in a cropping cycle 
consisting of pigeonpea/pearl millet-cowpea or 
horsegram, gross yields increased significantly. 
Vegetables, hitherto grown under open well irriga- 
tion only, were irrigated using pond water. Vege- 
table yields increased significantly with irrigation. 
A ground cover of pulses to prevent soil erosion 
during post monsoon storms could be maintained 
with minimal irrigation still giving some fodder 
yield. (Author’s abstract) 
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Irrigation and drainage data from a water district 
in San Joaquin Valley, California, are examined to 
determine the potential for reducing drain water 
volumes through improved farm-level water man- 
agement. A regression model of the relationship 
between irrigation and drain water is estimated. 
Explanatory variables include applied irrigation 
water, soil characteristics, cropping patterns and 
the location of drainage systems in the district. The 
responsiveness of drain water volumes to changes 
in farm-level irrigations and the influence of lateral 
subsurface flows from higher elevations are exam- 
ined. The proportion of total collected drain water 
which is due to lateral subsurface flows is estimat- 
ed to be 27% in 1988. Farm-level activities account 
directly for an estimated 64% of total drain water 
in this year, with the remainder attributed to rain- 
fall and seepage from the main surface drain in the 
district. The estimated proportional responsiveness 
of collected drain water volumes to changes in 
irrigation ranges from 0.78 for drainage systems 
with significant contributions from lateral flows to 
1.78 for drainage systems where these are not 
significant. It is estimated that a 10% across-the- 
district reduction in applied water will result in a 
15% reduction in the volume of drain water col- 
lected. (Author’s abstract) 
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In an Operational Research Project located in the 
foothills of Northern India, excess monsoon rain- 
water was harvested from 10 contiguous forest 
watersheds and used for supplemental irrigation. 
The performance of one typical reservoir was 
studied for 10 years (1978-87) with particular refer- 
ence to the management of agricultural droughts. 
In this case, the rainwater was harvested from 9.2 
ha forest watershed by constructing a 12 m high 
earthen dam to store 55,600 cubic meters of water 
and to provide supplemental irrigation in 20 ha of 
rainfed farm land. The drought conditions were 
observed in 9 out of 20 crops taken in 10 years. An 
area of 9.5, 2.7 and 1.1 ha under maize (Zea mays 
L.) was given one irrigation of 75 mm using 7100, 
2000 and 800 cubic meters of water during 1079, 
1981 and 1982. Winter wheat (Triticum aestivum 
L.) was saved in 18.5, 16.7 and 10.9 ha area using 
27,960, 24,980, and 16,400 cubic meters of water in 
two irrigations applied during the severe droughts 
of 1979-80, 1984-85 and 1987-88. Berseem fodder 
(Trifolium alexandrinum L.) was raised in 1.4 to 
2.7 ha area using 3200 to 10920 cubic meters of 
water in 8 out of 10 years. The project cost was 
recovered from the production benefits of one 
severe drought. It was calculated that 33,000, 
35,900 and 23,900 cubic meter of water available 
during the most critical droughts of 1979-80, 1984- 
85 and 1987-88 had the potential to save crops in 
44.0, 47.9 and 31.9 ha with one and 21.0 22.9 and 
14.9 ha with two irrigations. The supplemental 
irrigation benefits from pulse, oilseed and cereals 
have been projected. Due to large production ben- 





efits, the project has been replicated at more than 
80 places in 5 years and now forms an important 
component of Serioiturel development programs 
of the region. (Author’s abstract) 
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An approach to upgrading rainfed tropical crop- 
ping, based on optimization of rainfall water use, is 
presented. As an example, two stations in Costa 
Rica, with a rainy season of six to eight months 
and a dry period in the rainy season (veranillo) 
were used. These stations represent a large portion 
of the Pacific coast of Central America. The po- 
tential to grow two rainfed crops per year instead 
of one was evaluated with the model AQUA, 
which is based on daily water balances using actual 
precipitation and on rainfall probabilities. Major 
aspects considered were (a) the earliest safe plant- 
ing date at the start of the season; (b) the effect of 
veranillos; (c) prediction of the characteristics of 
late-season rainfall; (d) analysis of the period for 
late-season crop growth; and (e) the length of the 
dependable rainfed cropping season. These and 
other considerations were integrated into potential 
cropping schemes. The analyses showed that it 
should be possible to grow two rainfed crops per 
year in these and similar regions that suffer from 
prolonged periods of water deficit, but exhibit 
calculated dependable rainfed cropping seasons of 
over 200 days. The methodology described is ap- 
plicable to a wide range of tropical conditions; and 
approaches like the one presented may be an 
answer to intermediate development needs. (Au- 
thor’s abstract) 
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SOIL MATRIC POTENTIAL SENSOR MEAS- 
UREMENTS IN REAL-TIME IRRIGATION 
SCHEDULING. 

Agricultural Research Service, Fresno, CA. Water 
Management Research j 

C. J. Phene, C. P. Allee, and J. D. Pierro. 
Agricultural Water Management AWMADF, Vol. 
16, No. 3, p 173-185, September 1989. 8 fig, 10 ref. 


Descriptors: *Irrigation efficiency, *Soil moisture 
retention, *Soil water, *Soil-water-plant relation- 
ships, Calibration, Conductivity, Drip irrigation, 
Irrigation operation, Measuring instruments, Soil 
matric potential. 


Soil matric potential (SMP) is a critical variable in 
crop yield, runoff, evapotranspiration, and irriga- 
tion scheduling. A method for real-time, in-situ 
measurement of SMP has been developed and 
tested. The accuracy of the measurement depends 
on the calibration of the soil matric potential 
sensor (SMPS) against known standard pressures 
and independent of salinity, temperature, and soil 
texture. The SMPS has a linear voltage response 
between -10 and -300 J/kg. Depending on the data 
acquisition system used, the resolution of the soil 
matric potential measurement ranges from 2.5 to 
5.5 J/kg. The response time of the SMPS to 
change in pressure plate pressures is less than 24 hr 
between -10 and -100 J/kg, but increases rapidly to 
several days for SMP lower than -120 J/kg. 
SMPSs were used to monitor SMP in field soil in 
real time and to control drip irrigation systems 
automatically by initiating irrigation when a 
present threshold was exceeded and terminating 
irrigation cycles when the time needed to apply 1.2 
mm of water had elapsed. The timing of the irriga- 
tion cycle is a function of the irrigation method 
used, the hydraulics of the irrigation system, the 
soil physical properties, and the crop water re- 
quirements. (Author’s abstract) 
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MODIFIED CONTOUR BUNDING SYSTEM 
Hg ALFISOLS OF THE SEMI-ARID TROP- 
International Crops Research Inst. for the Semi- 
Arid Tropics, Patancheru (India). 

P. Pathak, K. B. Laryea, and S. Singh. 
Agricultural Water Management AWMADF, Vol. 
- No. 3, p 187-199, September 1989. 5 fig, 3 tab, 9 
ref. 


Descriptors: *Contour bunding, *Soil conserva- 
tion, *Water conservation, Alfisols, Crop yield, 
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Contour bunding is the most widely practiced soil 
conservation measure on alfisols of the semi-arid 
tropics in India. The conventional contour bund 
system allows water to stagnate for long periods in 
extensive areas along the bunds, affecting crop 
yield in these areas. Crop yields from sorghum/ 
pigeon pea intercrop and pearl millet/pigeon pea 
intercrop at different distances from the bunds 
were measured to demonstrate the effects of bund- 
ing. The effects of eroded sediment deposition on 
the infiltration behavior of the zone near the bunds 
also were examined. Contour bunds with gated 
outlets ensured adequate control of runoff and soil 
loss. Crops grown in fields bunded by gated outlets 
yielded better than crops surrounded by conven- 
tional bunds. On semi-arid tropic alfisols, contour 
bunds with gated outlets had the following advan- 
tages: (1) the problem of prolonged water stagna- 
tion around the contour bund is reduced, permit- 
ting higher crop yields in the areas near the bunds; 
(2) the chances of breaching are reduced because 
of less prolonged ponding of the water; (3) peak 
runoff rates generally are less; and (4) relatively 
more timely tillage and cultural operations are 
permitted compared to the situation when conven- 
tional bunds are employed because of better con- 
trol of ponded runoff water. (Rochester-PTT) 
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IRRIGATION WITH BRACKISH WATER 
UNDER DESERT CONDITIONS: VIII. FUR- 
THER STUDIES ON ONION (ALLIUM CEPA 
L.) PRODUCTION WITH BRACKISH WATER. 
Ramat Negev Regional Council Agricultural Sta- 
tion, Halutsa Mobile Post 85515 (Israel). 

Y. De Malach, D. Pasternak, S. Mendlinger, I. 
Borovic, and N. Abd El Salam. 

Agricultural Water Management AWMADF, Vol. 
16, No. 3, p 201-215, September 1989. 6 fig, 2 tab, 
18 ref. US/AID Contract NEB-0170-A-00-2047- 
00. 
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irrigation, Ions, Onions, Salinity, Temperature. 


The interactions between the effects of salinity and 
temperature and germination of onion seeds, the 
effect of stage of salinization on onion yield, possi- 
ble varietal differences in salt tolerance, and the 
effect of salinity on water and ion relationships of 
the plants were studied in laboratory and field 
experiments. Strong interaction was found between 
the effects of salinity and temperature on onion 
germination. At 12 C onion seeds germinated fully 
in vitro, with water having an electrical conductiv- 
ity (EC) of up to 30 dS/m. At 30 C, germination 
was arrested almost completely by an EC of 20 
dS/m. Lower temperature and higher salinity both 
reduced the overall rate of onion germination. In 
the field, continuous drip irrigation of onion with 
water having electrical conductivities of 1.2, 4.0, 
6.0, and 8.0 dS/m resulted in severe die-off of 
seedlings in the salinized plots during the first 90 
days of growth and, consequently, in severely re- 
duced yield of bulbs (50.08, 28.35, 4.12, and 0.44 
kg/10 sq m, respectively). Much of this effect 
could be averted by delaying salinization until the 
2nd-leaf stage and even more by waiting until the 
Sth-leaf stage. Nine onion cultivars having broad 
genetic diversity were subjected to the same salini- 
ty treatments. No differences were found in their 
relative responses to salinity. Observations of plant 


physiology under saline conditions were used to 
support explanations for the effects of brackish 
water irrigation on onion yield. (Author’s abstract) 
W90-09704 


PREDICTION OF SUSTAINED SODIC IRRI- 
GATION EFFECTS ON SOIL SODIUM SATU- 
RATION AND CROP YIELDS. 

Punjab Agricultural Univ., Ludhiana (India). 
Dept. of Soils. 

M. S. Bajwa, and A. S. Josan. 

Agricultural Water Management AWMADPF, Vol. 
16, = 3, p 217-228, September 1989. 5 fig, 4 tab, 
15 ref. 
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A field experiment was carried out for 9 yr (1979- 
1988) on a Typic Ustochrept to investigate the 
possibility of predicting the sustained effect of irri- 
gation waters varying in sodicity on soil Na satura- 
tion and crop yields under rice-wheat (R-W) and 
millet-wheat (M-W) crop rotations. Soil Na satura- 
tion increased over the years and the increase was 
higher under R-W than under M-W rotation. 
Sodium adsorption ratio (SAR), adjusted SAR, 
and residual sodium carbonate (RSC) were not 
suitable indicators of soil exchangeable sodium per- 
centage (ESP). For leaching conditions of the R-W 
system, the empirical equation of Bower and asso- 
ciates was a suitable indicator of ESP. For the M- 
W rotation, the Rhoades equation and the modified 
Ayers and Westcot equation were suitable indica- 
tors of ESP. The decline in crop yields with in- 
creasing sodicity was more pronounced under the 
R-W rotation than under the M-W rotation. Using 
the best-fit quadratic relationships of observed 
yields and adjusted SAR for all 9 yr of the study, 
curves were drawn for predicting the years for 
which irrigation waters varying in sodicity can be 
used to obtain a desired level of crop yield. Such 
graphs, prepared for various crops and crop rota- 
tions under different conditions of soil, climate, 
and leaching, can be useful for making recommen- 
dations about the years up to which it will be 
possible for farmers to live with the problem and 
sustain the desired levels of production. (Roches- 


DEFICIT IRRIGATION EFFECTS ON HEAD 
CABBAGE PRODUCTION. 

New Mexico State Univ., Las Cruces. Dept. of 
Agronomy and Horticulture. 

T. Sammis, and I. P. Wu. 

Agricultural Water Management AWMADF, Vol. 
16, " 3, p 229-239, September 1989. 4 fig, 4 tab, 
10 ref. 
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Yield of head cabbage (Brassica oleracea capitata) 
to 10 different trickle irrigation rates was deter- 
mined in 1983-1987 at Kula, Hawaii. Treatments 
were arranged in a gradient irrigation design repli- 
cated three times, and were irrigated daily with 
amounts ranging from 0.42 to 1.94 mm. Yield from 
a 0 treatment (= rainfall) also was measured. Plant 
density was 17,424/ha from 1983 until the summer 
of 1985, when it was reduced to 8712/ha. Market- 
able yield increased linearly with increased water 
application up to 49.3 Mg/ha, with an associated 
irrigation + rainfall application of 196 mm. The 
relationship between relative yield (yield divided 
by maximum yield) and relative evapotranspiration 
(evapotranspiration divided by maximum evapo- 
transpiration) was linear, with a response coeffi- 
cient of 0.95. Maximum yield for each experiment 
was linearly related to the cumulative growing 
degree days up to final harvest. Marketable per- 
centage of total potential production decreased 
linearly with a decrease in marketable yield. Mar- 
ketable yield was linearly related to head weight, 
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but a different linear relationship was derived for 
the two planting densities. (Author’s abstract) 
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EFFECTS OF IRRIGATION FREQUENCY AND 
WATER TABLE DEPTHS ON ROOT GROWTH 
AND YIELD OF TOMATO IN A TROPICAL 
SOIL. 

Ahmadu Bello Univ., Zaria (Nigeria). Dept. of Soil 
Science. 

P. O. Nwadukwe, S. Abdulmumin, Y. Arora, and 
I. F. Ike. 

Agricultural Water Management AWMADF, Vol. 
16, No. 3, p 241-249, September 1989. 4 fig, 3 tab, 
11 ref. 
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The effects of irrigation frequency and water table 
depths on tomato (Lycopersicon esculentum Mill, 
cv. Ife 1) root growth and fruit yield on a tropical 
soil (West Africa) were investigated. Tomato was 
grown at two water table depths (deep > 100 cm 
and shallow < 60 cm) and three irrigation frequen- 
cies (1-wk, 2-wk, and 3-wk frequencies applying 50 
mm water per irrigation). The experiment was 
carried out at Kadawa, Nigeria, for two consecu- 
tive years. Root length density, rooting depth, and 
fruit yield generally were higher at the deep than 
at the shallow water table location. At the deep 
water table location, the 1-wk irrigation frequency 
gave significantly higher root length density and 
fruit yield than the other irrigation frequencies. At 
the shallow water table location the 2-wk irriga- 
tion frequency gave higher fruit yield than the 1- 
wk and 3-wk irrigation frequencies. There was a 
significant positive correlation between root length 
density and fruit yield. (Author’s abstract) 
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MEASUREMENT AND ESTIMATION OF 
EVAPORATION FROM SOIL UNDER SPARSE 
BARLEY CROPS IN NORTHERN SYRIA. 
Reading Univ. (England). Dept. of Soil Science. 
S. J. Allen. 

Agricultural and Forest Meteorology AFMEEB, 
Vol. 49, No. 4, p 291-309, March 1990. 7 fig, 3 tab, 
24 ref. 
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Increased yields of rain-fed barley grown in north- 
ern Syria have been produced by the application of 
phosphate. Enhanced early growth of fertilized 
plants may restrict evaporative loss from the soil 
surface, improving water use efficiency by de- 
creasing the ratio of evaporation from the soil to 
transpiration (E/T). This study evaluated the use 
of micro-lysimeters made from sections of 10 cm- 
diameter plastic pipe, 15 cm in length for direct 
measurements of E from the soil beneath barley 
canopies. Daily E from fallow and — (leaf 
area index less than or equal to 2) soil surfaces was 
measured for 100 days to crop maturity. Evapo- 
transpiration (ET) was determined by water bal- 
ance from neutron probe readings, allowing the 
performance of micro-lysimeters in the bare soil 
treatment to be checked. Over rain-free periods, 
the micro-lysimeter and water balance measure- 
ments agreed to within +/-0.25 mm/day. Over 
periods when rain fell, E measured by micro- 
lysimeter was 0.1 to 1.2 mm/day less than E from 
water balance. A simple method was devised to 
estimate E in all treatments on wet days to replace 
micro-lysimeter measurements on days when rain- 
fall exceeded 1 mm. Fertilizer application had little 
impact on total ET, but total E was reduced by 
10%. E accounted for 67 and 77% of total ET in 
the fertilized and unfertilized treatments, respec- 
tively. A large fraction of total E occurred on days 
when rainfall, emphasizing the need to achieve 
accuracy over rainy periods before micro-lysi- 
metry can be used successfully to monitor E 
through the duration of a rain-fed crop. The data 
set of daily E was used to examine two previously 


published methods of estimating E from crop, soil, 
and meteorological data (Ritchie method and 
Cooper method). Although the Ritchie equation is 
simple, requiring a single soil parameter, significant 
difficulties and errors are likely to be encountered 
in applying it to the prediction of evaporation rates 
from cropped soil surfaces. Although the Cooper 
method is not mechanistically correct, it produced 
fairly good estimates of evaporation under the 
conditions prevailing in the present study. A tend- 
ency to exaggerate the suppression of evaporation 
by larger canopies, which was identified by com- 
parison with the conventional two-phase analysis 
of evaporation, was indicated by the micro-lysime- 
ter measurements. (Rochester-PTT) 
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PLANT DENSITY AND NITROGEN FERTILIZ- 
ER ON PEARL MILLET PRODUCTION IN 
NIGER. 

International Fertilizer Development 
Muscle Shoals, AL. West Africa Div. 

A. Batiano, C. B. Christianson, and W. E. 
Baethgen. 

Agronomy Journal AGJOAT, Vol. 82, No. 2, p 
290-295, March/April 1990. 5 fig, 4 tab, 17 ref. 


Center, 
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Pear! millet (Pennisetum glaucum (L.) R. Br.) is an 
important crop in many developing countries in 
West Africa and provides 80-90% of the food 
requirement for Niger. Studies were conducted for 
3 yr in a sandy soil in southern Niger to assess the 
effects of N fertilization (0-60 kg N/ha) and plant 
density (5000-40,000 pockets/ha, 3 plant per 
pocket) on millet yield and yield components. The 
effects of N and density on yield were influenced 
by midseason rainfall. With low midseason rainfall, 
high-density planting reduced yield slightly and N 
had no effect. With average or above rainfall, N 
application and high plant density increased millet 
grain yield four-fold to five-fold. Nitrogen in- 
creased stover production 33% in a dry year and 
100% in the wetter year. Plant density significantly 
affected stover yield only in 1983, a year with high 
early season rainfall. Increasing plant density 
tended to increase stover production in all years. 
Grain weight in 1983 decreased 14% when plant 
density exceeded 20,000 pockets/ha. Nitrogen fer- 
tilizer doubled the number of head per pocket at 
low plant densities when rainfall was normal or 
above. A plant density of 15,000 to 20,000 pockets/ 
ha and N application of 30 kg N/ha in two splits 
achieved good yields in average and wet years, 
with only a small yield reduction in a drought 
year. (Author’s abstract) 
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IRRIGATION SUBSURFACE RETURN FLOWS 
AND WATER USE IN LYSIMETERS CON- 
TAINING APPLE TREES. 

Agriculture Canada, Summerland (British Colum- 
bia). Research Station. 

D. S. Stevenson. 

Canadian Journal of Soil Science CJSSAR, Vol. 
69, ¥ 4, p 769-778, November 1989. 1 fig, 6 tab, 
11 ref. 
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For 9 yr, subsurface return flow measurements 
from irrigated lysimeters containing ‘Macspur 
McIntosh’ apple trees (Malus domestica Borkh.) on 
MM 111 rootstocks were collected. Water use 
with and without a grass cover crop was calculat- 
ed as irrigation + summer precipitation minus 
drainage. Drainages were consistently lower, and 
therefore water use was higher, under grass than 
under bare soil, but the differences were not large. 
The times of irrigation and drainage events were 
not closely linked. Drainage followed irrigation 
anywhere from a day to many days, stretching at 
times into weeks or months. By far the largest 
drainages, however, occurred during the irrigation 


season. Irrigation amounts provided most of the 
water for return flows with summer or winter 
precipitation contributing little to the drainage. At 
the higher irrigation levels the return flow quanti- 
ties and calculated water use quantities clearly 
indicate that sprinkler design flow quantities are 
too high for the area and that improvements in 
irrigation efficiencies are possible. (Author’s ab- 
stract) 
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WATER REQUIREMENT FOR CORN ROOT 
EXPANSION GROWTH. 

Illinois Univ. at Urbana-Champaign. Dept. of Hor- 
ticulture. 

5. D. Kramer, and L. A. Spomer. 

Communications in Soil Science and Plant Analy- 
sis CSOSA2, Vol. 21, No. 1/2, p 91-106, 1990. 4 
fig, 3 tab, 50 ref. Agricultural Experiment Station 
Project 65-353. 
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cit, Wilting point. 


The water requirement for corn root expansion 
was studied by directly relating root extension to 
tissue water potential. Root growth rate was meas- 
ured accurately over a short period (5-15 min) with 
a radial variable displacement transformer. Root 
tissue total and osmotic water potential was then 
determined immediately with an isopiestic thermo- 
couple psychrometer. Roots experiencing a single 
water deficit of short duration (0-20 min) exhibited 
a nearly linear proportional response of growth 
rate (0 to 1.6 mm/hr) to tissue water potential over 
the range of about -1 to -10 MPa. Extension ceased 
at -10 MPa, defining this as the root’s permanent 
wilting point. Roots experiencing longer periods of 
water deficit (6-7 hr) also exhibited the linear rela- 
tionship, but their osmotic potentials shifted to 
lower values in the process (osmoregulated). (Au- 
thor’s abstract) 
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EXTENSION ACTIVITIES NEEDED TO 
EXPAND USE OF EVAPOTRANSPIRATION 
DATA FOR IRRIGATION. 

California Univ., Davis. Dept. of Land, Air and 
Water Resources. 

B. A. Faber, and R. L. Snyder. 

Journal of Agronomic Education JAEDDV, Vol. 
19, No. 1, p 8-13, 1990. 1 fig, 5 tab, 9 ref. 
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Irrigation scheduling based on evapotranspiration 
(ET) is not practiced widely in California. A 1983- 
1984 survey indicated that farmers practicing the 
method tend to be better educated, operate larger 
and more diversified farms, and grow tree and vine 
crops, use pressurized irrigation systems, have the 
ability to measure water applications, come from 
regions where the use of ET information is pro- 
moted, and tend to adopt new technologies at a 
high rate. Using these observations, extension pro- 
grams in California are being changed to empha- 
size education on the water management of pres- 
surized irrigation systems and permanent crops 
using computers. The premise of this change is that 
farmers who adopt the use of ET for scheduling 
pressurized systems and permanent crops eventual- 
ly will use the water budget technique for surface 
irrigation fields and field and row crops as well. 
(Author’s abstract) 
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EFFECT OF DRIP-LINE PLACEMENT AND 
RESIDUE INCORPORATION ON _ THE 
GROWTH OF DRIP-IRRIGATED COTTON. 
Hebrew Univ. of Jerusalem, Rehovoth (Israel). 
Faculty of Agriculture. 

E. Rawitz, H. Lior, and M. Rimon. 

Soil and Tillage Research SOTRDS, Vol. 16, No. 
1/2, p 227-232, April 1990. 1 tab, 4 ref. 





Descriptors: *Cotton, *Drip irrigation, *Irrigation, 
*Israel, Crop yield, Performance evaluation, Spa- 
tial distribution, Tillage. 


Much of the cotton in Israel is grown under alter- 
nate row-drip irrigation. Conventional tillage sys- 
tems based on deep plowing are giving way to 
precision tillage with a single implement that up- 
roots, shreds, and incorporates crop residues, chi- 
sels the soil, and shapes the beds in one pass. The 
relationship was investigated between the observed 
variability of growth in adjacent rows and several 
methods of residue incorporation, some of which 
were presumed to interfere with water distribution 
if the drip lateral is not placed directly over a band 
of buried residue. Large yield differences were 
found between centered and eccentric drip lateral 
placement, but these were independent of the 
method of residue disposal. The yield differences 
are attributed to water availability as a function of 
distance between the plant row and the water 
source. However, the average yield of row pairs 
was the same regardless of lateral placement, indi- 
cating complete compensation between the more- 
favored and less-favored rows of a pair. (Author’s 
abstract) 
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DRYLAND FARMING TILLAGE AND WATER- 
HARVESTING GUIDELINES FOR THE 
YEMEN ARAB REPUBLIC. 

Silsoe Coll. (England). 

For primary bibliographic entry see Field 2G. 
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IMPACT OF A GEL CONDITIONER AND 
WATER QUALITY UPON SOIL INFILTRA- 
TION. 

King Saud Univ., Riyadh (Saudi Arabia). Dept. of 
Soil Science. 

M. A. Mustafa, A. M. Al-Darby, A. M. Al-Omran, 
and M. Mursi. 

Irrigation Science IRSCD2, Vol. 10, No. 3, p 169- 
176, 1989. 5 fig, 12 ref. 
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erties, Wastewater irrigation, Water quality. 


Sandy soils are characterized by their low water- 
holding capacity and excessive deep percolation. 
Gel-forming conditioners may alleviate these phys- 
ical constraints and eventually improve the effi- 
ciency of water and fertilizer use in these soils. The 
interactive effects of 0%, 0.4%, and 0.8% of a gel 
conditioner, Jalma, and four waters: salt solution 
(SS distilled (DW), natural sewage (SW), and 
well (WW) waters on swelling, effective mean 
pore radius, water penetrability, diffusivity, and 
weighted-mean diffusivity in loamy sand and loam 
soil columns were investigated. The diffusivities of 
water in untreated soil columns were nearly inde- 
pendent of water quality. In general for both soils, 
swelling decreased, and pore radius, penetrability, 
and weighted-mean diffusivity increased with in- 
crease in water salinity and decrease in % Jalma. 
For the loamy sand, penetrability of SS, WW, SW, 
and DW were reduced, respectively, by 15%, 
39%, 45%, and 55% due to the addition of 0.4% 
Jalma and by 15%, 52%, 69%, and 83% due to 
addition of 0.8% Jalma compared to untreated 
control. It was concluded that 0.4% Jalma is the 
optimum rate when sewage or other waters of low 
salinity are used for irrigation and 0.8% Jalma 
when well water is used. When the irrigation 
water is of high salinity, use of this gel conditioner 
is not recommended. Effective mean pore radius 
proved to be a reliable predictor of the multiple 
effects of texture, % Jalma, and water salinity on 
water penetrability and weighted-mean diffusivity. 
(Author’s abstract) 
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CHANGES IN SOIL PROPERTIES UNDER 
INTERMITTENT WATER APPLICATION. 

New Mexico State Univ., Las Cruces. Dept. of 
Civil Engineering. 

Z. A. Samani, and M. Yitayew. 
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Irrigation Science IRSCD2, Vol. 10, No. 3, p 177- 
182, 1989. 6 fig, 1 tab, 9 ref. 
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An important element in the dynamics of soil 
structure is water. Saturation of the soil reduces 
the contact pressure between soil particles and 
allows soil particles to move in response to gravity. 
A simple laboratory method was developed to 
measure changes in saturated hydraulic conductivi- 
ty and bulk density as affected by intermittent 
saturating and draining of soil columns (as in 
surge-flow irrigation). Significant changes in soil 
properties were measured after intermittent wet- 
ting and draining. Laboratory experiments showed 
that the development of negative pressure on a 
previously saturated soil can increase the bulk den- 
sity and decrease the saturated hydraulic conduc- 
tivity of that soil. The rate of changes in soil 
properties during the drainage period was a func- 
tion of soil type and degree of desaturation, de- 
pending on the amount of negative pressure which 
develops. The effect of intermittent application of 
water in reducing the soil hydraulic conductivity 
and subsequently the infiltration rate was verified 
in the field by measuring the changes in soil intake 
rate during intermittent (surge-flow) irrigation. 
These measurements can be used to predict the 
effect of alternative irrigation techniques on infil- 
tration rate and consequently the irrigation uni- 
formity and efficiency. (Fish-PTT) 
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STABILITY OF CROP COEFFICIENTS UNDER 
DIFFERENT CLIMATE AND IRRIGATION 
MANAGEMENT PRACTICES. 

Florida Univ., Gainesville. Dept. of Agricultural 
Engineering. 

S. S. Jagtap, and J. W. Jones. 

Irrigation Science IRSCD2, Vol. 10, No. 3, p 231- 
244, 1989. 2 fig, 4 tab, 10 ref. 


Descriptors: *Climatic changes, *Crop production, 
*Evapotranspiration, *Irrigation practices, Irriga- 
tion efficiency, Irrigation requirements, Model 
studies, Seasonal variation, Soybeans. 


The effects of climate and management practices 
on crop water requirement coefficients were stud- 
ied for a soybean crop growing on a sandy soil 
using a mechanistic model that computes evapora- 
tion and transpiration in response to soil, crop, and 
climatic factors. It was found that seasonal errors 
could be as high as 190 mm when crop coefficients 
developed under one set of conditions were used 
under different climate and management condi- 
tions. The largest error in evapotranspiration oc- 
curred when vapor pressure was reduced from 26 
mb to 14 mb; next in importance were site differ- 
ences in wind speed, radiation, irrigation interval, 
temperature and planting date. Correction factors 
needed to adjust crop coefficients to those site 
specific conditions ranged from 0.73 to 1.30 de- 
pending on the time of season and climate or 
management variable that was changed. When the 
overall crop coefficient was divided into a plant 
specific and a soil specific coefficient, the plant 
coefficient was relatively stable compared to the 
soil coefficient. The results of this study can help 
establish a practical range of conditions over 
which crop coefficients developed at one site can 
be used to compute the appropriate values for sites 
where measurements have not been made. (Au- 
thor’s abstract) 


WATER REQUIREMENTS OF YOUNG COCO- 
NUT PALMS IN A HUMID TROPICAL CLI- 
MATE. 

Centre for Water Resources Development and 
Management, Calicut (India). Water Management 
(Ag) Div. 

A. S. Rao. 

Irrigation Science IRSCD2, Vol. 10, No. 3, p 245- 
249, 1989. 2 fig, 1 tab, 5 ref. 


81 


Descriptors: *Evapotranspiration, *Humid cli- 
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cy, Soil water. 


Coconut palms in Kerala, on the west coast of 
India, cover 23% of the cropped area. The area is 
subject to dry spells, and the major soils are oxisols 
which retain little soil moisture. It has been found 
that the palms respond favorably when the ratio of 
applied irrigation to pan evaporation is between 
0.50 and 0.75. The evapotranspiration rates of five- 
year-old coconut palms grown in an oxisol on the 
west coast of India were quantified from soil mois- 
ture depletion studies and lysimetric measurements. 
The rates increased from 2.9 mm/day in December 
to 5.5 mm/day in April and reduced to 2.3 mm/ 
day in June following the onset of monsoon rain. 
Ratios of evapotranspiration to class A pan evapo- 
transpiration were 0.87-0.88 in the winter period 
(November-February), 0.87-0.96 in the summer 
period (March-May) and 0.60-0.68 in the rainy 
period (June-August). These rates imply that the 
irrigation needed in the 7 x 7 m coconut grove was 
122, 161, 207, 231, 172, and 142 liters per palm in 
the months from December to May. (Author’s 
abstract) 
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DROUGHT RESEARCH PRIORITIES FOR 
THE DRYLAND TROPICS. 

ICRISAT, Patancheru, A.P. 502324, India. 219p. 
Edited by F. R. Bidinger, and C. Johansen. 
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tion, Management planning, Precipitation, Rainfall, 
Soil water, Soil-water-plant relations. 


This book is the result of a consultants’ meeting 
held at the International Corps Research Institute 
for the Semi-Arid Tropics in Patancheru, India, on 
17-20 November 1986. The meeting brought to- 
gether specialists from a number of disciplines to 
discuss priorities for applied research on improving 
crop production in the arid and semi-arid tropics. 
Particular emphasis was placed on the application 
of existing knowledge or technology to the prob- 
lems of the dry tropics. Parts 1 and 2 deal with 
more effective means of analyzing the climate of 
dry environments and of selecting technologies to 
fit the expected moisture patterns. Part 1 considers 
methodologies for using climate data in conjunc- 
tion with soil, atmospheric, and crop data to pro- 
vide a quantitative picture of crop-available mois- 
ture in dry environments. Part 2 looks at the basis 
and methods for fitting crops, crop and soil man- 
agement systems, and crop varieties to specific 
environments. Parts 3 and 4 consider the possibili- 
ties of modifying existing technology to improve 
productivity under different moisture systems. Part 
3 considers analysis and design of crop and soil 
management systems, to make maximum use of 
available moisture, and to reduce variability of 
crop production due to changes in annual rainfall. 
Part 4 considers the basis of plant adaptation to 
insufficient-moisture environments and examines 
specific possibilities for improving this adaptation 
in crop plants. (See W90-09812 thru W90-09826) 
(Lantz-PTT) 
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POSSIBILITIES AND LIMITATIONS OF 
RAINFALL ANALYSIS FOR PREDICTING 
CROP-AVAILABLE WATER (UNCERTAIN- 
TIES IN THE LENGTH OF THE RAINY 
SEASON). 

G. W. Robertson. 

IN: Drought Research Priorities for the Dryland 
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Field 3—WATER SUPPLY AUGMENTATION AND CONSERVATION 


Group 3F—Conservation In Agriculture 


Monthly climatological data were used to deter- 
mine general rainfall characteristics and to perform 
a simple water budget calculation. Weaknesses in 
the analysis are considered and a simple falling-rate 
soil water budget, using daily rainfall data, was 
used to improve the calculation of daily soil water 
from long-term records. The rate of evapotranspir- 
ation is dependent on the PE weighted according 
to the percentage of the crop-available water re- 
maining in the soil at the time the calculation is 
made. These daily data were then used to calculat- 
ed the probability of days with wet and dry soil, 
and runs of consecutive days with wet soil from 
which the beginning, duration, and ending of the 
rainy season could be calculated at various proba- 
bility levels. This simple budget involves a number 
of assumptions and estimated parameters. Vari- 
ations in these were used to evaluate uncertainties 
in the final agroclimatic product, such as length of 
the rainy season. It is proposed that complex 
models depending upon many assumptions and es- 
timated parameters may be subject to too many 
uncertainties to be widely applicable in estimating 
agroclimatic factors. It appears redundant to 
pursue such analysis when it is a relatively simple 
matter to transform rainfall into soil water from 
which operationally-oriented information can be 
derived. Similarly, instead of trying to characterize 
the dependability of rainfall, it is more practical to 
characterize water and to use an agroclimatic 
factor; the estimated length of the growing season. 
Further sensitivity research and testing of such 
models is required. (See also W90-09811) (Lantz- 
P 


TT 
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SIMPLIFIED SOIL-WATER BALANCE 
MODELS TO PREDICT CROP TRANSPIRA- 
TION. 

Washington State Univ., Pullman. Dept. of Agron- 
omy and Soils. 

G. S. Campbell, and R. Diaz. 

IN: Drought Research Priorities for the Dryland 
Tropics. ICRISAT, Patancheru, India. 1988. p 15- 
26, 5 fig, 3 tab, 21 ref. 
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Crop dry matter production is closely related to 
the quantity of water transpired by the crop. Tran- 
spiration is one component of the water budget of 
the soil plant system. The other components: pre- 
cipitation, irrigation, deep percolation, evaporation 
from the soil surface and the canopy, and runoff, 
all vary widely. The water available for 
transpiration,and therefor the dry matter produc- 
tion of the crop, is determined primarily by the 
amount of water left after other demands in the 
water budget have been satisfied. It is therefore 
necessary to consider all of the components in the 
water budget in order to determine the amount of 
water available for transpiration. Estimates of the 
various components of the water budget must be 
based on models of soil water since direct measure- 
ment is, in most cases, not possible. A simple model 
is presented in BASIC which uses empirical or 
mechanistic submodels of the components of the 
soil water budget. Locally derived equations or 
constants are easily substituted for the ones in the 
model, and the model is simple enough so that 
most users can alter it to meet individual needs. 
Requirements for input data and model parameters 
are discussed, and a sensitivity analysis of some 
inputs and the model parameters is given. (See also 
W90-09811) (Author’s abstract) 
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INTERPRETING THE RESULTS FROM SIMU- 
LATED DROUGHT EXPERIMENTS. 

Reading Univ. (England). Dept. of Applied Statis- 
tics. 

R. D. Stern. 

IN: Drought Research Priorities for the Dryland 
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analysis, *Soil-water-plant relationships, *Tropical 
regions, Climatic data, Crop yield, Kano, Model 
studies, Peanuts, Plant growth, Rainfall distribu- 
tion, Water deficit. 


In many countries interannual rainfall differences 
are a major cause of yield variations. An experi- 
ment investigated the effect of water shortage on 
ground-nut yields. This is used as a case study to 
outline methods by which results from such experi- 
ments may be related to sites and seasons other 
than where the experiment was conducted. For 
any given site, the methods range from a simple 
summary of the climatic records to the incorpora- 
tion of the experimental results in a detailed crop- 
growth model. Methods are outlined by which 
climatic records can be used when examining the 
results from field experiments. The mapping of an 
area for drought risks at different stages in the 
growing season will become easier to interpret if 
results from experiments can be used to indicate 
some of the consequences of timing and duration 
of droughts. Crop indices are currently being used 
for modeling purposes in a number of countries. 
The results from a study of ground-nut yields from 
Kano could be used to refine a physiologically 
based model of ground-nut growth. Such models 
should eventually provide an effective method of 
synthesizing research results in a way that is trans- 
portable to different sites, particularly those for 
which sufficient climatic and soil data are avail- 
able. (See also W90-09811) (Lantz-PTT) 
W90-098 14 


CALCULATED SOIL-WATER BALANCES AS 
TOOLS TO EVALUATE CROP PERFORM- 
ANCE IN DROUGHT-PRONE REGIONS. 
Commonwealth Scientific and Industrial Research 
Organization, Lyneham (Australia). Div. of Wild- 
life and Rangelands Research. 

J. J. Landsberg. 

IN: Drought Research Priorities for the Dryland 
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The report is a synthesis based on three review 
papers and the discussions that followed their pres- 
entation. The objective is to provide recommenda- 
tions for drought research in the arid and semi-arid 
tropics. Detailed water balance models are deter- 
ministic. They provide information about soil 
water content under a crop at any time, and about 
rates of crop water use, and therefore the amount 
of water used in a given interval. These models 
essentially solve the basic hydrological equation 
for a specified crop x soil situation. A number of 
conclusions emerged from this analysis. These 
were: (1) crop growth, in terms of dry matter 
production, can be accurately estimated from the 
amount of water transpired and the water-use effi- 
ciency of the crop; (2) detailed crop water-use 
models provide valuable analytical tools that can 
be used to analyze the performance of different 
genotypes in relation to the weather patterns in 
particular seasons or location, or as an aid to 
farmers; (3) the calculation of soil water balances 
from simple models and climatological data pro- 
vides useful information about season length and 
its variation in any particular region; and (4) clima- 
tological models can be used to asses the probabili- 
ty of success for crops requiring a given season 
length. Variable weather across regions may be a 
problem with these models as well as uncertainties 
in the calculation of transpiration and knowledge 
about available soil water. (See also W90-09811) 
(Lantz-PTT) 
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PRINCIPLES OF CROP USE, DRY MATTER 
PRODUCTION, AND DRY MATTER PARTI- 
TIONING THAT GOVERN CHOICES OF 
CROPS AND SYSTEMS. 

Reading Univ. (England). 

A. H. Bunting, and A. H. Kassam. 

IN: Drought Research Priorities for the Dryland 


Tropics. ICRISAT, Patancheru, India. 1988. p 43- 
61, 6 fig, 4 tab, 32 ref. 
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A brief review of historical crop water usage pre- 
sents concepts of water use efficiency, evaporation, 
soil water supply, potential, and actual evapotran- 
spiration and crop coefficients. For most crops, it 
appears that maximum evapotranspiration occurs 
when the leaf area index is in the range 2-4. In 
order to improve crop productivity in drought- 
prone areas it is suggested that more detailed agro- 
climatological analyses are required and a further 
understanding of the factors controlling crop phe- 
nology is needed. Closer matching of crop phenol- 
ogy to climatic events appears to offer the best 
scope for improving and stabilizing crop yields. 
However, the importance of adopting a systematic 
approach in crop adaptation to drought is empha- 
sized. Principles governing the choices of crops for 
dry cropping systems use are based on: (1) the 
nature of the water regime in these areas and the 
soil water availability to crops; (2) the evaporative 
demand of the air and the extent of crop cover 
demanded; (3) the relationship between transpira- 
tion and dry matter production, as circumscribed 
by the limits of season length and partitioning of 
dry mater to economic yield and production; (4) 
adaptations to moisture deficits both at the crop 
and production system level as specified by oppor- 
tunities or requirements. (See also W90-09811) 
(Lantz-PTT) 

W90-09816 


APPLICATIONS OF, AND LIMITATIONS TO, 
CROP GROWTH SIMULATION MODELS TO 
FIT CROPS AND CROPPING SYSTEMS TO 
SEMI-ARID ENVIRONMENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
K. J. Boote, and J. W. Jones. 
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Crop growth simulation models have considerable 
potential for evaluating crops, crop varieties, and 
cropping practices in arid and semi-arid regions. 
Models for many of the world’s major crops have 
been developed and are available for such applica- 
tions. The selection of a candidate model should be 
based on it’s sensitivity to factors of interest to the 
researcher, the availability of inputs, the ease with 
which the model can be used, and credibility of the 
model. If a suitable model for the crop of interest 
does not exist, present models can be adapted to 
simulate the crop. The systematic approach used to 
convert a soybean crop growth model (SOYGRO) 
to simulate growth and yield of ground-nut 
(PNUTGROW) is described. To illustrate plant 
breeding applications of crop growth simulation, 
density analysis was conducted on various crop 
genetic traits simulated by PNUTGROW using 21 
years of Gainesville, Florida weather and three 
planting dates. Simulations with PNUTGROW 
were done with 4 years of weather from Niamey, 
Niger, to demonstrate management applications; 
optimum sowing date, cultivar choice, and sowing 
density for a semi-arid environment. (See also 
W90-09811) (Lantz-PTT) 
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IDENTIFYING CROPS AND CROPPING SYS- 
TEMS WITH GREATER PRODUCTION STA- 
BILITY IN WATER-DEFICIT ENVIRON- 
MENTS. 

Central Research Inst. for Dryland Agriculture, 
Hyderabad (India). 

R. P. Singh, and G. S. Reddy. 
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Water-deficit environments are unfavorable for the 
growth and development of rainfed crops, and 
often produce low and unstable yields. The effec- 
tive cropping season in the rainy season is restrict- 
ed by both rainfall quantity and distribution, there- 
fore setting limits on choice of crops, cultivars and 
cropping systems. For post-rainy season crops 
grown on conserved soil moisture, it is the mois- 
ture storage at the time of sowing that determines 
the choice of crops and cultivars. There is a need 
to characterize crop growth environments in the 
arid and semi-arid tropics: rainfall patterns, soil 
type depth, moisture storage capacity, and mois- 
ture release characteristics as well as temperature 
regime. Stability of productivity at a reasonable 
economic level should be the objective in improv- 
ing the traditional cropping systems. The moisture 
availability period determines the effective crop- 
ping season. In arid regions of india, the effective 
cropping season is normally 11-17 weeks. This 
restricts the choice of crops, and limits the farmer 
to a single crop in the rainy season.In the semi-arid 
regions of India the effective cropping season is 
normally 22-32 weeks. The traditional crops and 
cropping systems in arid and semi-arid regions of 
India are mostly based on farmers’ subsistance 
requirements. The use of stable crops and cultivars, 
combined with improved management of cropping 
seasons, imparts stability to production in a given 
season, and to productivity in a given environ- 
ment. (See also W90-09811) (Lantz-PTT) 
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SELECTING CROPS AND CROPPING SYS- 
TEMS FOR WATER-LIMITED ENVIRON- 
MENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
T. R. Sinclair. 
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Three major problem areas need to be resolved in 
the semi-arid tropics: (1) a complete environmental 
assessment including quantification of soil water 
storage. One of the simplest approaches to account 
for the soil water balance is to consider the soil as a 
bulk water storage reservoir described by the 
available soil water. It is assumed that soil water is 
available to the plants between two limits of volu- 
metric soil water content. While the upper limit 
has been fairly well defined, definition of the lower 
limit has been ambiguous and difficult to determine 
experimentally; (2) the problems associated with 
growing crops primarily on stored soil water, usu- 
ally during the post rainy season when they will be 
subjected to terminal drought, must be considered. 
The amount of water available to support crop 
production is defined at the beginning of the post 
rainy season by the amount of available (or tran- 
spirable) water stored in the soil. Consequently, 
the maximum crop production is limited to the 
amount of stored soil water; and (3) the problems 
of variable periods and duration of drought during 
the rainy season need to be evaluated. Each of 
these problem areas has a set of applicable technol- 
Ogies and potential solutions. It is clear that crop 
yields in semi-arid climates are inherently limited 
by the amount of soil water available to support 
crop gas exchange. Environmental assessments are 
crucial to determine when and how much water is 
available to the crop. (See also W90-09811) (Lantz- 
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WATER SUPPLY AUGMENTATION AND CONSERVATION—Field 3 


Conservation In Agriculture—Group 3F 


PRINCIPLES OF CROP AND SOIL MANAGE- 
MENT PROCEDURES FOR MAXIMIZING 
PRODUCTION PER UNIT RAINFALL. 
Agricultural Research Service, Bushland, TX. 
Conservation and Production Research Lab. 

P. W. Unger, O. R. Jones, and J. L. Steiner. 
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Under rainfall cropped conditions, much of the 
rainfall is not used effectively. Low rainfall-use 
efficiencies occur because crop evapotranspiration 
is a small part of total rainfall, transpiration is a 
small part of evapotranspiration, and yields are low 
relative to the amount of water transpired. Six 
practices to improve rainfall use efficiency include 
those that: (1) increase water infiltration and 
reduce runoff (tillage, residue management, con- 
trolled traffic, contouring, terracing, land leveling), 
(2) increase soil water storage capacity (profile 
modification, deep tillage, adding organic matter), 
(3) reduce evaporation (mulches, tillage., timely, 
rapid, and uniform crop establishment), (4) reduce 
deep percolation of water (using deep rooted 
crops, installing barriers), (5) reduce evapotranspir- 
ation by non-crop plants (control weeds, volunteer 
crop plants), and (6) increase yields relative to the 
amount of water transpired (timely crop establish- 
ment, controlling insects and diseases, providing 
adequate nutrients, timely crop harvest). (See also 
W99-09811) (Lantz-PTT) 
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OPPORTUNITIES FOR PRODUCTIVE USE OF 
RAINFALL NORMALLY LOST TO CROPPING 
FOR TEMPORAL OR SPATIAL REASONS. 
International Center for Agricultural Research in 
the Dry Areas. 

E. R. Perrier. 
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The use of supplemental irrigation and water har- 
vesting farming can alleviate climactic risk factors 
in arid and semi-arid regions by increasing choices 
for soil and crop management, which in turn can 
stabilize crop-water requirements, and therefore, 
yields. The analysis of rainfall and evapotranspira- 
tion data shows that variability is a constraint to 
agronomic production, but the potential for system 
design to control drought is within manageable 
limits. Analysis shows that within systematic con- 
servation, surplus water from wet years could be 
made available during dry periods or drought 
years. Water harvesting to maximize or minimize 
runoff is a stablizing factor for farming systems 
which depend on natural precipitation. Runoff can 
be used directly on cultivated fields or stored in 
soil, or used with supplemental irrigation when 
stored in excavated ponds or small check dams. 
Infrastructure parameters required in the support 
environment when supplemental irrigation and 
water harvesting farming are implemented must be 
evaluated if changes are to succeed. (See also W90- 
09811) (Author’s abstract) 
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DEVELOPMENT OF MANAGEMENT STRAT- 
EGIES FOR MINIMIZING THE IMPACT OF 
SEASONAL RAINFALL VARIATION. 
Foundation for World Hunger Alleviation through 
Response Farming, Davis, CA. 

J. I. Stewart. 
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A new management approach, response farming, is 
explained as rainfall prediction followed by appro- 
priate agronomic responses. The strategy under 
development to minimize the impacts of variable 
rainfall has two principle facets: (1) reduction of 
the effective variability as it relates to the rainfall 
season at hand; and (2) sowing-time decisions 
aimed initially at the upper half of the reduced 
spectrum of rainfall possibilities, but which may, at 
the appropriate growth stage, be shifted down- 
ward by thinning the plant population and with- 
holding further fertilization, should actual early- 
season rainfall be less than normal. Research find- 
ings indicate that there are usable levels of rainfall 
predictability in the Nepal terai and at Hyderabad, 
India, as of May 1, prior to the monsoon. Effects of 
the leaf area index on crop water requirements, 
and of crop type and water adequacy on maximum 
soil water extraction, can effect water balance 
modeling. Yield versus evapotranspiration func- 
tions of millets, sorghums, and beans suited to 
variable rainfall zones, impacts of plant population, 
fertility level, and weed control on crop water 
production functions and crop-management 
models, can be better managed under this ap- 
proach. An example is given of a strategy to mini- 
mize the impacts of rainfall variation, based on 
rainfall at Hyderabad, India. Briefly, the strategy is 
to predict a narrowed band of rainfall possibilities, 
aim seeding rates high and fertilizer rates low in 
the spectrum, then either sidedress with additional 
nitrogen or thin the plant population at 30 days, 
depending on actual early season rainfall. (See also 
W90-09811) (Lantz-PTT) 
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POSSIBILITIES FOR MODIFYING CROP AND 
SOIL MANAGEMENT PRACTICES TO MAXI- 
MIZE PRODUCTION PER UNIT RAINFALL. 
University of New England, Armidale (Australia). 
Dept. of Agricultural Economics and Business 
Management. 

J. R. Anderson. 
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The most obvious approach to improving produc- 
tivity, which contains the costs of adjustment to 
very low levels, is through plant breeding and 
germplasm enhancement. Farmers have been doing 
this for millenia but, in recent decades, the ability 
to make rapid progress has been greatly increased. 
Apart from plant breeding, the other major oppor- 
tunity to improve productivity without investing 
too many resources in inputs, especially the 
modern expensive ones, is by modifying the timing 
of cultural practices. There are potentials for 
making utility-enhancing progress in almost every 
input that is applied to crop production in the 
semi-arid tropics. Perhaps the most straightfor- 
ward is the use of mineral fertilizers. Nitrogen is a 
classic case, because plants demand nitrogen 
throughout their life, whereas with a nutrient such 
as phosphorus, major demands are very early in 
the life of the plant. Another cost-saving opportu- 
nity that has recently received some attention is 
the utilitization of crop residues. Rather than using 
the crop residues for animal feeding, these same 
residues might be better utilized for soil manage- 
ment. Opportunities requiring input expenses in- 
clude fertilization, acquisition of information about 
the uncertain quantities involved in production, 
and forecasting of future water availability. Final- 
ly, there are opportunities which require investing 
capitol in structures, primarily irrigation. There 
are, however, many other techniques that can 
boost the effective rainfall use for crop production. 
These include various forms of water trapping 
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such as contour cultivation that reduces runoff 
both within a plowed furrow and across a field in 
general. More elaborate versions of this idea trap 
water in larger storage areas such as tanks of 
various designs. (See also W90-09811) (Lantz- 
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ADAPTATION MECHANISMS OF NONCULTI- 
VATED ARID-ZONE PLANTS: USEFUL LES- 
SONS FOR AGRICULTURE. 

Bayreuth Univ. (Germany, F.R.). Lehrstuhl fuer 
Pflanzenoekologie. 

E. D. Schulze. 

IN: Drought Research Priorities for the Dryland 
Tropics. ICRISAT, Patancheru, India. 1988. p 159- 
177, 13 fig, 56 ref. 


Descriptors: *Arid lands, *Drought, *Drought re- 
sistance, *Soil-water-plant relationships, *Tropical 
regions, *Water stress, Agricultural water, Crop 
production. 


It should be possible to exploit a knowledge of the 
evolutionary solutions to problems of growth and 
survival in arid and semi-arid conditions in improv- 
ing the performance of agricultural plants faced 
with drought stress. The various habits of nonculti- 
vated plats are compared in terms of adaptation to 
resource-scarce environments. These habits in- 
clude annual vs. perennial, woody vs. herbacious, 
and evergreen vs. deciduous. The basic relation- 
ships between parameters indicative of plant water 
relations and potential for growth, survival, and 
reproduction are presented. The nexus between 
increased drought tolerance and lower biomass 
production potential is demonstrated. A summary 
of the multitude of adaptations to drought stress 
evolved in the plant kingdom is also given. Highly 
specialized plant forms have evolved but drought 
tolerance is generally determined by many traits 
acting simultaneously. Further, several thousands 
of plant species have evolved differing whole-plant 
organizations to cope with drought stress and spe- 
cies behave in a successional pattern depending on 
the type and severity of the stress. The major 
contrast between crop and non-crop species is that 
non-crop species have a much wider spectrum of 
response mechanisms to adverse environmental 
changes. This implies that agriculturalists should 
be trying to utilize a much wider range of crop 
species in arid and semi-arid regions. However, 
there appears to be some scope for incorporating 
drought resistance traits in traditionally cultivated 
species without excessive penalties to yield poten- 
tial. Screening for more appropriate root systems is 
an example. (See also W90-09811) (Author’s ab- 
stract) 
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CRITICAL EVALUATION OF THE POSSIBILI- 
TIES FOR MODIFYING CROPS FOR HIGH 
PRODUCTION PER UNIT OF PRECIPITA- 
TION. 

Commonwealth Scientific and Industrial Research 
Organization, St. Lucia (Australia). Div. of Tropi- 
cal Crops and Pastures. 

M. M. Ludlow, and R. C. Muchow. 

IN: Drought Research Priorities for the Dryland 
Tropics. ICRISAT, Patancheru, India. 1988. p 179- 
211, 4 fig, 3 tab, 157 ref. 


Descriptors: *Agricultural water, *Crop yield, 
*Drought resistance, *Soil-water-plant relation- 
ships, *Tropical regions, *Water use efficiency, 
Cowpeas, Crop production, Drought, Sorghum, 
Water deficit, Water stress. 


The potential for putative traits to increase grain 
yield per unit precipitation is assessed via their 
contribution to three components of yield (water 
transpired, water-use efficiency, and harvest 
index), and to three determinants of survival 
(drought escape, dehydration avoidance, and dehy- 
dration tolerance). Based on this assessment, bene- 
fits to yield potential and yield stability, and the 
scope for genetic improvement, traits are recom- 
mended in order of priority for grain sorghum, and 
cowpeas grown in intermittent and terminal stress 
environments in both modern (opportunistic) and 
subsistence (conservative) agriculture. Matching 


the phenology of the crop to the expected water 
supply is the most important trait in all four situa- 
tions. In all but terminal stress in subsistence agri- 
culture, the next most important traits are osmotic 
adjustment and larger root systems to maximize 
transpired water. Traits that enhance leaf survival 
are more important in intermittent than in terminal 
stress, and more important in subsistence than in 
modern agriculture. Traits for sorghum and cow- 
peas were similar except that developmental plas- 
ticity was an additional important in cowpeas for 
intermittent stress environments. Other traits spe- 
cific to one or more of the four situations are also 
given. Finally the need to develop techniques for 
demonstrating the value of putative traits and to 
apply them before traits are proposed as selection 
criteria is stressed. (See also W90-09811) (Author’s 
abstract) 
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BREEDING FOR IMPROVED PLANT PER- 
FORMANCE IN DROUGHT-PRONE ENVI- 
RONMENTS. 

Commonwealth Scientific and Industrial Research 
Organization, St. Lucia (Australia). Div. of Tropi- 
cal Crops and Pastures. 

R. J. Lawn. 

IN: Drought Research Priorities for the Dryland 
Tropics. ICRISAT, Patancheru, India. 1988. p 213- 
219, 1 fig. 


Descriptors: *Agricultural water, *Drought resist- 
ance, *Plant physiology, *Tropical regions, 
*Water stress, *Water use efficiency, Agriculture, 
Arid lands, Crop yield, Genetics, Research prior- 
ities. 


Empirical breeding methodologies, based essential- 
ly on selection for yield in drought prone environ- 
ments have made a very real genetic improvement. 
Such approaches are costly in terms of research 
resources and time, and substantial research is still 
needed to establish the value of many physiologi- 
cal traits to plant improvement in drought environ- 
ments. However, sufficient quantitative physiologi- 
cal knowledge is now available for a number of 
traits, and crops, to improve the efficiency of 
breeding programs targeting specific physiological 
traits and/or processes. A range of possibilities 
exist whereby integration of breeding and physio- 
logical research can be improved. Where a prior 
physiological understanding of a particular trait 
exists, the knowledge can be used to: more precise- 
ly define breeding objectives; identify selection 
criteria and parental material; describe the mode of 
inheritance; develop efficient screening techniques; 
and describe effective test environments. Physio- 
logical analysis of contrasting responses generated 
in the breeding program is also of value to refine 
understanding of the effects of individual traits. In 
crops where detailed physiological knowledge re- 
mains to be generated, integrated research can 
more efficiently establish the potential value of 
specific traits to enhance performance in drought 
environments. The main opportunities to increase 
yield in drought prone environments are in ap- 
proaches that increase total water use and harvest 
index. (See also W90-09811) (Lantz-PTT) 
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ARID LANDS: EVAPOTRANSPIRATION 
UNDER EXTREMELY ARID CLIMATES. 
Khartoum Univ. (Sudan). 

For primary bibliographic entry see Field 2D. 
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CROP YIELD: ECONOMIC CONSIDER- 
ATIONS OF DEFICIT IRRIGATION. 

Utah Agricultural Experiment Station, Logan. 
International Irrigation Center. 

G. H. Hargreaves, and Z. A. Samani. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 453- 
474, 17 fig, 7 tab, 12 ref, append. 


Descriptors: *Crop yield, *Economic aspects, *Ir- 
rigation effects, *Irrigation practices, Crop pro- 
duction, Deficit irrigation, Irrigation, Irrigation ef- 
ficiency, Water stress. 


Deficit irrigation has been used as an approximate 
method for maximizing profit from the very begin- 
ning of irrigation. Deficit irrigation can produce 
significant benefits under favorable circumstances. 
The magnitude of these benefits depends upon the 
interaction of the various factors that influence 
production as well as crop value, water costs and 
other production costs. Stressing the crop may 
produce many advantages including: a larger yield 
of mature fruit or grain; an increased yield of sugar 
content in sugar cane or rubber content in guayule; 
improved quality and/or uniformity; better root 
development and improved drought resistance; a 
reduction in crop waterlogging due to rainfall; and 
increased profits from limited water supplies. In 
order to analyze the economics of deficit irriga- 
tion, it is useful to calculate the amount of water 
required for maximum yields and the desirable 
frequency and method of application. The underly- 
ing theme when gaging deficit irrigation is to keep 
it simple. Simple yet effective methodologies that 
maximize the use of available data can in many 
situations have greater impact on crop production 
than more sophisticated technology. (See also 
W90-10104) (Mertz-PTT) 

W90-10119 


MODELLING THE EFFECT OF DEPTH ON 
FURROW INFILTRATION. 

Universidade Federal do Ceara, Fortaleza (Brazil). 
Dept. of Agricultural Engineering. 

F. de Souza. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 475- 
487, 17 fig, 2 tab, 22 ref. 
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ance equation, Wetting. 


The variation of flow depth with time and distance 
is a key factor determining the rate at which water 
infiltrates into a furrow during irrigation. The 
depth of water in the furrow is influenced by 
furrow shape, slope, roughness as well as inflow 
rate. To study the infiltration of water into furrows 
two important aspects have been considered. One 
of them is related to the measurement of infiltra- 
tion; the other one refers to modeling furrow infil- 
tration. Methods for determining infiltration con- 
stants can be divided into infiltration tests and 
volume-balance techniques. Several kinds of infil- 
tration tests have been developed and used to 
measure infiltration in furrow irrigation. These are: 
ring or cylinder infiltrometer; Bondurant, furrow, 
or blocked-furrow infiltrometer; inflow-outflow; 
bypass infiltrometer, and variations of modifica- 
tions of any of these methods. The volume-balance 
equation has been extensively used to determine 
infiltration characteristics in surface irrigation. It 
requires measurements of the advancing wetting 
front, flow depth at various stations along the run 
and the corresponding cross-sectional flow areas. 
The border or furrow is not disturbed, and condi- 
tions under normal irrigating practice are well 
accounted for, if a reasonable approximation of 
surface storage can be obtained. A total of four 
physical tests were chosen to measure infiltration 
parameters using an entire furrow as an infiltrome- 
ter. These test runs were simulated by the zero- 
inertia model. The results of the four trials report- 
ed were too similar to represent a significant range 
of conditions. Further research is needed on this 
subject. The choice of transverse length to charac- 
terize furrow intake in mathematical models of 
furrow irrigation is questionable. (See also W90- 
10104) (Mertz-PTT) 
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PRINCIPLES AND DESIGN OF FURROW IR- 
RIGATION SYSTEMS. 

Hawaii Univ. at Manoa, Honolulu. Dept. of Civil 
Engineering. 

Y. S. Fok. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
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Descriptors: *Furrow irrigation, ‘Irrigation 
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*Water conservation, Furrow infiltration equation, 
Hydrodynamics, Infiltration rate, Irrigation effi- 
ciency, Lewis-Kostiakov empirical infiltration 
equation, Mathematical equations. 


The design of furrow irrigation systems is based on 
the principles of soil and water conservation. 
Furrow water advance equation and recession 
flow have been derived based on the principle of 
conservation of mass. With the aid of an empirical 
advance equation, the derived furrow water ad- 
vance equation can be checked against the empiri- 
cal water advance equation by trial-and-error to 
arrive at an acceptable value for design purposes. 
Furrow infiltration equation, which is composed of 
segmenis of one and two-dimensional infiltration, 
has been reported to have similar form as the 
Lewis-Kostiakov empirical infiltration equation. 
The irrigation application efficiency and distribu- 
tion efficiency have been shown in terms of param- 
eters from the infiltration equation, the water ad- 
vance equation, the irrigation time ratio and water 
recession. The furrow water flow has been defined 
as a very complex hydrodynamic probiem. Aside 
from the mathematical approach, graphical, empir- 
ical, trial-and-error approximation and engineering 
selection approaches were employed so the design 
equation could be presented as algebraic equations. 
(See also W90-10104) (Mertz-PTT) 
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BORDER IRRIGATION: DIMENSIONLESS 
RUNOFF CURVES AND REUSE SYSTEM 
DESIGN. 

Arizona Univ., Tucson. Dept. of Agricultural En- 
gineering. 

D. D. Fangmeier, and M. Yitayew. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 505- 
521, 19 fig, 8 tab, 28 ref. 
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Runoff curves for irrigation borders and optional 
design procedures for reuse systems have been 
examined. The curves are based on runoff volume 
defined as a percentage of the total water applied 
at the head of the border. The most important 
variable in the design of reuse systems is the quan- 
tity of runoff. A zero-inertia mathematical model 
was used to identify pertinent open channel hy- 
draulic variables affecting runoff characteristics in 
sloping free outflowing borders and to develop 
predictive dimensionless runoff curves for calculat- 
ing runoff from border irrigation. Runoff from a 
sloping border is a function of inflow rate, time of 
cutoff, length of run, hydraulic drag or surface 
resistance, border slope, and soil infiltration char- 
acteristics. The primary purpose of a reuse system 
is to collect irrigation runoff water and control it 
from further use. Design of reuse systems involves 
the determination of various components and de- 
pends on the mode of operation selected. Proce- 
dures to develop equations accompanying different 
operational requirements include: continuous 
pumping with variable pumping rate, steady con- 
tinuous pumping, cycling sump system, and com- 
plete control of storage. The basic physical varia- 
bles of the irrigation system must be known. These 
are length, slope, type of crop to be grown, and 
the soil infiltration characteristics. (See also W90- 
10104) (Mertz-PTT) 
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Evolution of alkalinity, which is generally associat- 
ed with irrigation and water development, severely 
affects the productivity of agricultural land around 
the world. Amelioration of these degraded lands is 
possible through proper land and water manage- 
ment. Basic facts of nature and properties of alkali 
soils, water management practices and reclamation 
technology are examined. Various components of 
the irrigated system are synthesized to develop a 
methodology for optimal land and water use. The 
procedure involved: formulation of a deterministic 
linear programming model for allocation of water 
resources; development of appropriate techniques 
to estimate the system parameters which are of 
transient nature and generation of system responses 
at discrete stages of soil reclamation. The dynamic 
nature of the agricultural system was incorporated 
into the model by determining the input for small 
increments of time and the nonlinearly of the crop 
water production functions were incorporated by 
the introduction of multiple activities for each 
crop. The procedure was applied to a representa- 
tive alkali land in Indo-Gangetic plain (India). Ag- 
riculturally, as well as hydrologically, the alkali 
soils under reclamation continued to be in a tran- 
sient stage over a long period of time. Policies that 
may be optimal at a given point of time must be 
reviewed as the degree of soil reclamation im- 
proves. It is advantageous to initiate alkali land 
reclamation, even if it has to be done by reducing 
water allocation to areas with normal land or by 
shifting to less-water-requiring crops. The level of 
irrigation can be raised at subsequent stages when 
the water availability increases due to higher 
groundwater recharge from cropland. (See also 
W90-10104) (Mertz-PTT) 
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SIMULATION MODEL USE FOR ANALYZING 
DECISION VARIABLES IN MULTIPUMP 
RICE IRRIGATION SYSTEM OPERATION. 

International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 

A. L. A. Galang, and S. I. Bhuiyan. 

‘Audion Water 7 alts AWMADF, Vol. 
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A simulation model for multipump rice irrigation 
systems called PUMPMOD was used to study the 
following effects in the Libmanan Cabusao Pump 
Irrigation System (LCPIS) in the Philippines: (1) 
the effects of varying the number of pumps operat- 
ing simultaneously, the maximum rate of land prep- 
aration, and farm-plot spillway heights on the size 
of the potential crop area; (2) the effects of increas- 
ing daily pumping duration on potential crop area; 
and (3) the effects of shortening the pump oper- 
ation season on potential crop area and the number 
of pumps in simultaneous operation on the degree 
of water stress on the rice crop. It was found that 
the size of potential crop area can be increased by 
over 550 ha for every additional pump operating 
for 18 hours each day during maximum water 
demand periods. The maximum rate of land prepa- 
ration that can be supported by the irrigation 
system limits the size of the potential crop area, but 
when the per day rate exceeds 7.5% of the sys- 
tem’s command area, water supply becomes the 
limiting factor. The simulation indicates that if the 
pumps can be operated longer than 18 hours a day, 
a significantly larger area than the current average 
of about 1500 hectares can be satisfactorily irrigat- 
ed. A regression model indicates that there is po- 
tential for major savings in LCPIS operating costs 
by reducing the allowable period of pump oper- 
ation during the wet season without significant 
reduction in rice yields. (Author’s abstract) 


85 


W90-10160 


HYDROLOGICAL ANALYSIS OF FARM RES- 
ERVOIRS IN RAINFED RICE AREAS. 
International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 
For primary bibliographic entry see Field 3B. 
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VARIABLE-TIME MODEL FOR EQUITABLE 
IRRIGATION WATER DISTRIBUTION. 
Colorado State Univ., Fort Collins. Dept. of Agri- 
cultural and Chemical Engineering. 

D. N. Sharma, and R. Oad 

Agricultural Water Management AWMADPF, Vol. 
pi No. 4, p 367-377, March 1990. 4 fig, 2 tab, 10 
ref. 
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The existing warabandi system used in Northwest 
India and Pakistan was analyzed and the effect of 
conveyance losses on the water distribution was 
studied. The water distribution, under the existing 
warabandi system, is shown to be inequitable. The 
watercourses are earth channels that lose water 
due to seepage. Since the existing warabandi allo- 
cates equal time per unit area, the landholdings 
situated at the end of the watercourse receive less 
water than those near the watercourse outlet. A 
variable-time model is proposed for irrigation 
water distribution by increasing the irrigation time 
per unit area for the downstream landholdings on a 
watercourse. The increase in irrigation time is de- 
termined in proportion to the seepage loss rate. 
Two case studies in India and Pakistan confirm the 
validity of the variable-time water distribution 
model. (Author’s abstract) 
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MAPPING OF IRRIGATION NEED BASED ON 
COMPUTERIZED SOIL AND CLIMATIC 
DATA. 

Copenhagen Univ. (Denmark). Geophysical Inst. 
For — bibliographic entry see Field 6D. 
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IRRIGATION SYSTEM FOR PLOTS UNDER A 
RAIN SHELTER. 

Michigan State Univ., East Lansing. Dept. of Crop 
and Soil Sciences. 
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Agricultural Water Management AWMADF, Vol. 
17, No. 4, p 409-414, March 1990. 2 fig, 1 tab, 7 ref. 
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Rain shelters are important research tools for 
studying the soil-plant-water system. Much atten- 
tion has been given to the design of these struc- 
tures for the purpose of keeping water off plots; 
however, irrigation under these structures has not 
been widely reported. A simple irrigation system 
was developed from readily available materials for 
use under a large rain shelter. Solid set, low- 
volume sprinklers frequently used by the turf in- 
dustry were employed Performance and evaluation 
tests showed that the system had uniform water 
distribution over the main-plot area of 4.6 x 6.2 sq 
m plots, while minimizing overlap between adja- 
cent plots. The water application rate achieved 
was approximately 25 mm/h for individual units. 
Christiansen uniformity coefficients (CUC) were 
83 to 85% for tested units. Water falling a distance 
of 0.7 m or less outside of a plot was less than 3 
mm/h, while at greater distances it was essentially 
zero. (Author’s abstract) 

W90-10165 


SOIL TILTH: A REVIEW OF PAST PERCEP- 
TIONS AND FUTURE NEEDS. 
National Soil Tilth Lab., Ames, IA. 
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The concept of soil tilth has many facets, ranging 
from the relatively simple effects of tillage to the 
physical condition of the soil created by integrat- 
ing the effects of all physical, chemical and biologi- 
cal processes occurring within a soil matrix. The 
objectives of this review were to examine histori- 
cal perceptions of soil tilth, review research con- 
ducted to address soil tilth, and identify research 
needed to quantitatively understand soil silth to 
improve management of soil and water resources. 
The four sections of the review trace the origin of 
the term, summarize research conducted prior to 
1955, discuss research since 1955, and present some 
of the unsolved soil tilth research goals and needs. 
The current Soil Science Society of America 
(SSSA) definition for soil tilth is too restrictive to 
reflect accurately this dynamic, multifaceted con- 
cept. A modified description of soil tilth is pro- 
posed to replace the current SSSA glossary defini- 
tion, as follows: ‘The physical condition of a soil 
described by its bulk density, porosity, structure, 
roughness, and aggregate characteristics as relatd 
to water, nutrient, heat and air transport; stimula- 
tion of microbial and microfauna populations and 
processes; and impedance to seedling emergence 
and root penetration.’ A new term, ‘tilth-forming 
processes,’ also is proposed and defined, as, “The 
combined action of physical, chemial and biologi- 
cal processes that bond primary soil particles into 
simple and complex aggregates and aggregate asso- 
ciations that create specific structural or tilth con- 
ditions. Relationships between tilth and several soil 
and water management problems such as surface 
and groundwater quality, soil erosion, productivi- 
ty, and long-term sustainability are discussed. 
(Creskoff-PTT) 
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TEMPORAL VARIATIONS OF SOIL WATER. 
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The objective of the study was to examine the 
effect of tillage on the spatial and temporal varia- 
bility of soil water content of the surface layer (0- 
0.2 m) under a corn (Zea mays L. ) crop. Soil 
water content was measured nondestructively 
every 1 to 2 d in fall moldboard (CT), 1-yr no- 
tillage (SNT) and longer term (more than 15 yr) 
no-tillage (LNT) plots using permanently placed 
time domain reflectometry (TDR) transmission 
line probes. The plots are located near Guelph, 
ON, Canada on a Typic Hapludalf (loam) soil. 
Sampling sites were in the corn row, directly be- 
tween corn rows (interrow) and halfway between 
the row and interrow (quarter row). Systematic 
spatial differences in soil water content, within and 
between tillage treatments, were observed 
throughout the entire growing season. Large dif- 
ferences between DCT and both LNT and SNT 
early in the season were attributed to increased 
evaporation in CT caused by spring secondary 
tillage. The drying rate in the LNT interrow posi- 
tion was much lower than the CT and SNT inter- 
row drying rates. Soil water recharge from rainfall 
was distributed systematically in space because of 
canopy interception and subsequent stemflow. 
Crop residue on the soil surface of the no-till 


treatments intercepted a significant amount of rain- 
fall and reduced soil water recharge by 14% and 
35% in the SNT and LNT treatments, respective- 
ly. The tillage treatments affected the temporal 
dependence of the spatial variability of soil water 
and the spatial dependence of the temporal varia- 
bility. (Author’s abstract) 
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Surface soil dry aggregate size distribution (ASD) 
has a significant effect on the amount and intensity 
of wind-induced soil erosion. The ASD of crop- 
land varies through time primarily due to the ef- 
fects of management and climatic factors. A 
method of predicting ASD is needed to make 
accurate estimates of wind erosion. The effects of 
tillage on ASD are described and models proposed 
to estimate changes in ASD after precipitation has 
further modified a sandy soil surface. The ASD 
and bulk density of the near-surface soil were 
measured on four west Texas sandy soils immedi- 
ately after tillage and after up to 130 mm subse- 
quent rainfall. Tillage methods included mold- 
board plow, lister, chisel, and tandem disk. Results 
indicated that the four tillage methods tested could 
be separated into two groups to produce reliable 
estimates of ASD. Moldboard plowing produced 
significantly larger aggregates than a tillage-tool 
group comprised of lister, chisel, and tandem disk. 
The combined effects of tillage and precipitation 
after tillage produced significant differences in 
ASD for each soil tested. Regression models to 
estimate ASD using bulk density in the near-sur- 
face soil and cumulative precipitation as independ- 
ent variables account for up to 80% of the varia- 
tion. (Author’s abstract) 
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TILLAGE AND FERTILIZER EFFECTS ON 
WATER INFILTRATION. 

Agricultural Research Service, Pendleton, OR. 
Columbia Plateau Conservation Research Center. 
J. F. Zuzel, J. L. Pikul, and P. E. Rasmussen. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 205-208, January/February 1990. 
3 fig, 3 tab, 12 ref. 
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Tillage techniques have been linked to the forma- 
tion of tillage pans, which cause reduced infiltra- 
tion capacity and increased runoff and erosion. 
Reduced infiltration is especially detrimental on 
steeply sloping agricultural lands, which are 
common in many areas of the Pacific Northwest 
and elsewhere. Infiltration rates in three long-term 
tillage treatments with two fertilizer levels were 
measured using a rainfall simulator. Tillage treat- 
ments were plow, disk, and sweep, and have been 
continuous since 1940. Nitrogen fertilizer has been 
applied at 45 or 180 kg/ha since 1962. Final infil- 
tration rates for the plow, disk, and sweep treat- 
ments averaged 17, 14, and 16 mm/h, respectively. 
The final rate for the high-N treatment averaged 
22 mm/h vs. 9 mm/h for the low-N treatment. 
Results also indicate that surface sealing by rain- 
drop impact and soil frost are probably more im- 
portant than the tillage pan in controlling the infil- 
tration capacity. Analysis of the infiltration-rate 


curves strongly indicates that, if surface sealing is 
prevented by a complete residue cover, the type of 
tillage does not have a significant effect on infiltra- 
tion and is not a major factor in reducing the 
infiltration capacity of this soil. Conversely, fertili- 
ty level is an important determinant of infiltration 
capacity, apparently because of the additional bio- 
mass produced by the crop. (Author’s abstract) 
W90-10254 


NITROGEN-FERTILIZATION RATE AND 
SOIL NITRATE DISTRIBUTION FOR MI- 
CROIRRIGATED SUGARCANE. 

Gulf Coast Research and Education Center, Bra- 
denton, FL. 

For primary bibliographic entry see Field 5B. 
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TOMATO AND SWEET PEPPER RESPONSE 
TO FURROW, MICROSPRINKLER AND DRIP 
IRRIGATION. 

Puerto Rico Univ., Rio Piedras. Agricultural Ex- 
periment Station. 

M. R. Goyal, and C. Chao de Baez. 

Journal of Agriculture of the University of Puerto 
Rico JAUPA8, Vol. 73, No. 3, p 239-254, July 
1989. 1 fig, 9 tab, 10 ref. 
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Fortuna agricultural experiment substation, Juana 
Diaz, in the semiarid south coast and Isabela agri- 
cultural experiment substation in the humid north 
coast of Puerto Rico were selected as representa- 
tive locations in each region. Field work was con- 
ducted during the winter at Fortuna: drip, micros- 
prinkler and furrow irrigation increased commer- 
cial yield of (mature grien + red) staked tomatoes 
by 112%, 82%, 37% compared with control plots 
during the winter of 1987. Values of growth pa- 
rameters were lowest in the nonirrigated plots at 
P=0.05. Based upon tensiometer readings, total 
water application (mm per season for 120 days) 
was 1050 in furrow, 611 in microsprinkler and 386 
in drip irrigation, respectively, during the winter. 
Seasonal net irrigation requirement (NIR, mm) was 
estimated with the modified Blaney-Criddle 
USDA-SCS method and was 336 in normal years 
and 409 in dry years at Fortuna, and 253 in normal 
years and 311 in dry years at Isabela in the winter. 
Total NIR was 399 in normal years and 492 in dry 
years at Fortuna, and 262 in normal years and 357 
in dry years at Isabela in summer. Consumptive use 
(CU) at Fortuna was 7-7.6% higher than CU at 
Isabela. NIR at Fortuna was 25-35% higher than at 
Isabela. At Fortuna sweet pepper yield and values 
of growth parameters were lowest in the nonirri- 
gated plots at P=0.05 during the winter and 
summer. Drip, microsprinkler and furrow irriga- 
tion increased commercial yield of sweet pepper 
by 168%, 115.5%, and 52% compared to that of 
control plots during the winter, and 186%, 
119.6%, and 85% compared to control plots 
during the summer, respectively. Growth param- 
eters versus days after transplanting relationships 
were of sigmoidal type. Based upon tensiometers at 
30 cm depth and a tension reading of 15-45 char, 
total water application (mm per season for 120 
days) was 1260 in furrow, 524 in microsprinkler 
and 406 in drip irrigation during the winter, and 
951 in furrow, 542 in microsprinkler and 419 in 
drip irrigation during the summer, respectively. No 
field work was conducted at Isabela. Seasonal net 
irrigation requirement (NIR, mm) of sweet peppers 
was 341 for winter and 352 for summer in normal 
years. (Author’s abstract) 
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COMPUTER IRRIGATION SCHEDULING. 
California State Univ., Fresno. Center for Irriga- 
tion Technology. 

D. Zoldoske. 

American Fruit Grower, Vol. 108, No. 4, p 6-7, 
April 1988. 1 tab. 
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The process of computer-aided irrigation uses a 
variety of field measurements, such as soil-moisture 
levels, plant evapotranspiration rates, and crop- 
stress curves. These field measurements are then 
correlated with specific fields and their acreage, 
soil types, crops, irrigation methods, salinity prob- 
lems, and historical weather data. The computer 
program sorts out and schedules irrigation frequen- 
cy and amount. The program is best suited for 
pressurized irrigation systems such as drip or mi- 
croirrigation systems, or sprinklers. (Dublin-PTT) 
W90-10322 


CAREFUL CHEMIGATION COULD HELP 
GROWERS. 

California State Univ., Fresno. Center for Irriga- 
tion Technology. 

D. F. Zoldoske, and G. S. Jorgensen. 

American Fruit Grower, Vol. 110, No. 4, p 26-28, 
April 1990. 
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Chemigation is the use of irrigation systems to 
apply chemicals and fertilizers to crops. With 
proper design and operation, applying chemicals 
though an irrigation system can be very economi- 
cal and safe, if safety precautions are followed to 
prevent source water contamination. A backflow- 
prevention valve is often required on chemigation 
systems that are connected to water supplies which 
are used for both irrigation and drinking water. 
The Environmental Protection Agency (EPA), re- 
quires pesticide manufacturers to have Generic 
Label Statements regarding application of their 
products in irrigation systems. Further labeling 
requirements for materials intended for chemiga- 
tion include recommendations for mixing, agita- 
tion, and guidelines for the application of the pesti- 
cide with regard to duration of the water applica- 
tion. Another important system consideration is 
application uniformity, the proper distribution of 
water, fertilizers, and chemicals. Over-application 
can be expensive and may lead to environmental or 
other problems. (Dublin-PTT) 
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EFFICIENCY IN IRRIGATION: THE CON- 
JUNCTIVE USE OF SURFACE AND GROUND- 
WATER RESOURCES. 

Winrock International, ——— Virginia. 1988. 
196p. Edited by Gerald T. O’Mar: 
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The results of a conference held to examine the 
economic effects of the physical externality that is 
created when agricultural producers in developing 
countries rely on a common aquifer or stream 
system for their water supply, are presented. The 
additional costs producers impose on one another 
in pumping water from the aquifer can destroy the 
social efficiency of the individual’s decisions on 
resource allocation. The consensus of the confer- 
ence participants was that the available remedies, 
for coping with the gap between private and social 
costs induced by such an externality, may perform 
tolerably well in most situations and that several 
innovative approaches may improve the allocation 
of resources in more difficult cases. Models are 
reviewed which simulate the behavior of economic 
agents under conditions including complex 
groundwater-surface water interactions and specif- 
ic institutional arrangements. Several special cases 
that illustrate significant aspects of the conjunctive 
use of aquifer and stream-aquifer resources are 
examined. An evaluation was made of the effects 
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of physical interdependence among agents on their 
economic behavior in several institutional contexts. 
Although the situation can be difficult when differ- 
ent sets of agents control surface water and 
groundwater, there are conceptual and practical 
grounds for expecting that the problem can be 
resolved even in difficult cases. In particular, the 
exclusion of farmers from active participation in 
the process has doomed past efforts to solve the 
problems. Farmers must be brought into the pic- 
ture if the requisite cooperation and coordination 
are to be achieved. (See W90-10359 thru W90- 
10373) — Reimer-PTT) 
W90-10358 


EFFICIENT USE OF SURFACE WATER AND 
GROUNDWATER IN IRRIGATION: AN OVER- 
VIEW OF THE ISSUES. 

International Bank for Reconstruction and Devel- 
opment, Washington, DC. Agricultural and Rural 
Development Dept. 

G. T. O’Mara. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 1-17, 1 
tab, 14 ref. 
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Difficulties exist in achieving efficient conjunctive 
use of surface water and groundwater because of 
middle-aged irrigation systems in alluvial basins. 
The difficulty is due to both the physical interde- 
pendence of surface water distribution and the 
groundwater aquifer, and the need to coordinate 
the activities of two sets of agents--individual farm- 
ers who control tube-well pumping and irrigation 
system managers who control canal diversions. 
Along with a better understanding of cooperation 
among water users, there is a need for better 
understanding of irrigation management. Improve- 
ment in irrigation operations has long been neglect- 
ed in the search for technical (design and invest- 
ment) solutions. The mathematical modeling and 
computer methods required for the more sophisti- 
cated conjunctive use schemes are now being rap- 
idly diffused; they are part of the engineering 
curricula of universities around the world. But 
although these methods are being taught at region- 
al universities in India, at present it is difficult to 
find any of them being applied in India. The real 
problem is neither analytical methods nor the 
shortage of people with relevant skills. The real 
problem is a skepticism about prospective gains 
combined with resistance to institutional change. 
(See also W90-10358) (White-Reimer-PTT) 
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MARKET FAILURE AND THE EFFICIENCY 
OF IRRIGATED AGRICULTURE. 

Kentucky Univ., Lexington. 

A. Randall. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. p 21-30, 1988. p 
21-30, 1 tab, 35 ref. 


Descriptors: *Economic aspects, *Economic effi- 
ciency, *Irrigation efficiency, *Marketing, Com- 
peting use, Costs, Groundwater irrigation, Irriga- 
tion practices, Social aspecis. 


The concept of market failures, or ‘externalities’, in 
irrigated agriculture is discussed using a conceptu- 
al basis for the diagnosis of market failure, and the 
solutions that economists have suggested. It is gen- 
erally believed that there are four kinds of circum- 
stances in which even a fundamentally competitive 
economy would experience market failure. These 
phenomena are externality, public goods, common 
property resources, and natural monopoly. How- 
ever, all of the valid analytical content of these 
four terms are also contained in two alternative 
concepts, nonexclusiveness and nonrivalry. Persist- 
ent nonexclusiveness is a recipe for disaster, and 
nonrivalry results from some material circum- 


stances concerning the particular good or the con- 
ditions under which the good is provided and 
distributed. Irrigation economies are typically 
characterized by interdependencies. Irrigators 
draw water from a common river, channel, or 
groundwater pool, and the tailwaters return to the 
groundwater or the river downstream. Channels 
are congestible, and during times of peak water 
demand users impose costs on one another. Uncon- 
trolled individual pumping of groundwater leads to 
excessive extraction, which lowers the water table 
and increases pumping costs for all irrigators. This 
problem is often diagnosed as a physical externali- 
ty, whereas here it is considered to be a case of 
nonexclusiveness with rivalry. Structuring private 
pumping may be possible with reputation effects, 
monitoring of water tables, and partial monitoring 
of individual withdrawals. Here, the chances for a 
stable cooperative solution increase. Principal- 
agent models may suggest ingenious systems of 
incentives and signals to induce low-level public 
employees to better serve the objectives of the 
principal, the irrigation community. (See also W90- 
10358) (White-Reimer-PTT) 
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LEGAL CONSIDERATIONS FOR COPING 
WITH EXTERNALITIES IN IRRIGATED AG- 
RICULTURE. 

Colorado State Univ., Fort Collins. 

For primary bibliographic entry see Field 6E. 
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RESPONSES TO SOME OF THE ADVERSE 
EXTERNAL EFFECTS OF GROUNDWATER 
WITHDRAWALS IN CALIFORNIA. 

California State Dept. of Water Resources, Los 
Angeles. 

J. J. Coe. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 51-57, 1 
fig. 
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A summary of California’s problems with ground- 
water overdraft is presented along with several 
case studies to illustrate the problem. California 
suffers from a maldistribution of water supply and 
demand with respect to both location and time. 
Most of California’s supply is in the northern part 
of the state, where natural replenishment occurs 
during the winter. Most of the demand for water 
comes from the south and occurs in the summer. 
Seventy-three percent of the state’s runoff occurs 
north of Sacramento, but 75% of the state’s water 
use occurs south of this point. The groundwater 
overdraft has caused the following adverse effects, 
or externalities: (1) increased groundwater pump- 
ing lifts and costs; (2) well deepening and pump 
lowering; (3) land subsidence; (4) degradation of 
water quality (including intrusion of seawater; (5) 
exclusion of some pumpers from the water supply; 
and (6) a change in crop patterns to higher paying 
crops or, eventually, to nonirrigated crops. Case 
histories of various aspects of these effects are 
presented for Santa Clara Valley, the Coastal Plain 
of Los Angeles County, the Coastal Plain of 
Orange County, and Kern County (within the San 
Joaquin Valley). Legislation was introduced to 
create local groundwater management districts 
that would recommend plans to the State Water 
Resources Control Board for evaluation and com- 
ment, but the legislation was never passed due to 
strong opposition from water agencies in areas 
where groundwater management had already been 
implemented and in areas where overdraft existed. 
(See also W90-10358) (White-Reimer-PTT) 
W90-10362 
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DEVELOPMENT OF GROUNDWATER FOR 
AGRICULTURE IN THE LOWER YELLOW 
RIVER ALLUVIAL BASIN. 

Ministry of Water Resources and Electric Power, 
Beijing (China). 

R. Huang. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 80-84, 1 
fig. 
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The combination of an abundant supply of high- 
riding river water, from China’s Yellow River, 
surrounded by low-lying fertile soils makes the 
North China Plain well suited to gravity irrigation 
systems. Rainfall totals vary from place to place, 
and 80% of the annual precipitation occurs be- 
tween June and September. As a result the plain is 
subject to both drought and waterlogging. Soil 
salinity is another problem that limits agricultural 
production in the area. In the past decade almost 
1.4 million tubewells were constructed in the 
North China Plain. As a result the groundwater 
table has been lowered to a depth of 3-4 meters in 
most places, and the area of saline land has been 
reduced considerably. Well irrigation in the area 
has also led to impressive increases in agricultural 
production. However, problems that have oc- 
curred in connection with the development of 
wells and well-canal irrigation include: (1) draw- 
down of the water table; (2) poor quality and 
deterioration of wells; and (3) low efficiency and 
high consumption. For the near future the devel- 
opment of groundwater for agriculture in the 
North China Plain will focus on the following: (1) 
renewing existing wells; (2) drilling wells in canal 
irrigated areas; (3) improving water management 
practices; (4) reclaiming saline shallow groundwat- 
er, reusing drainage water, and cultivating salt- 
tolerant crops; (5) implementing the Interbasin 
Water Transfer Project from the Yangtze River to 
the Huang-Hai Plain; and (6) enacting legislation 
on groundwater use and development. (See also 
W90-10358) (White-Reimer-PTT) 
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EFFICIENT CONJUNCTIVE USE OF SUR- 
FACE AND GROUNDWATER IN THE PEO- 
PLE’S VICTORY CANAL. 

Ministry of Water Resources and Electric Power, 
Beijing (China). 
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IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 84-87, 1 
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The People’s Victory Canal Irrigation system is a 
representative example of the conjunctive use of 
surface and groundwater resources in the lower 
Yellow River alluvial basin. Water for the People’s 
Victory Canal irrigation system comes from three 
sources: precipitation, river flow diverted from the 
Yellow River, and groundwater in the system. The 
Yellow River is the main source of water for 
irrigation. Groundwater is plentiful within a depth 
of 50 meters, and the main source of groundwater 
recharge is seepage of irrigation water; infiltration 
of rainfall is a minor source. Conjunctive use of 
surface and groundwater in the People’s Victory 
Canal system consists of using both wells and 
canals for irrigation, recharging the groundwater 
with water from the canal system, and using 
groundwater for nonagricultural purposes. The 
conjunctive use of surface and groundwater by 
well-canal irrigation has been implemented to 
achieve a number of goals: (1) to rationalize the use 
of water resources; (2) to reduce waterlogging; (3) 
to prevent secondary salinization; (4) to reduce 


sedimentation; (5) to ensure timely irrigation; and 
(6) to increase the irrigation benefit. (See also W90- 
10358) (White-Reimer-PTT) 
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ALL IS NOT WELLS IN NORTH CHINA: IRRI- 
GATION IN YUCHENG COUNTY. 

Cornell Univ., Ithaca, NY. 

J. E. Nickum. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
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The development of irrigation on the North China 
Plain, particularly in Yucheng County in North- 
western Shandong Province, was examined. This 
area has developed both surface and groundwater 
sources. Although Yucheng County has succeeded 
somewhat in restraining the increase of saliniza- 
tion, it has done so without an effective incentive 
to encourage the use of wells. Furthermore, water 
management policy at the state level has developed 
less as a well-planned, centralized approach 
through a single agency than as the outcome of a 
political process involving multiple agencies with 
different objectives and constituencies. The water 
regime in this area exhibits many features common 
to North China: (1) concentration of precipitation 
in the summer; (2) extreme year-to-year variation 
in precipitation; and (3) high potential evapotran- 
spiration. Until major agricultural practices 
changed in the past decade, the conjunctive use of 
surface and groundwater sources was not a big 
issue in most parts of the North China Plain. 
Irrigators who have a choice strongly prefer sur- 
face sources. Tubewells are used at less than one- 
third of their capacity due to water quality, techni- 
cal inefficiency, management organization, and 
costs. Although well irrigation costs more, many 
of China’s decision makers worry that neglecting 
wells in areas where they could be used will aggra- 
vate salinization problems. In practice, the primary 
means of ensuring that those who have wells or 
who are in ‘well-use zones’ do not use surface 
water is to withhold it, through scheduling and, 
more drastically, through engineering means. In 
spite of, or perhaps because of, agency conflicts of 
interest and a certain amount of anarchy among 
irrigators, crop yields and farm incomes have in- 
creased markedly since 1979 while the saline area 
has declined significantly. (See also W90-10358) 
(White-Reimer-PTT) 
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NEW APPROACHES TO USING MATHEMAT- 
ICAL PROGRAMMING FOR RESOURCE AL- 
LOCATION. 

Harvard Univ., Cambridge, MA. 

P. P. Rogers, J. J. Harrington, and M. B. Fiering. 
IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 122-126, 
2 fig, 2 tab, 22 ref. 
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Using models to optimize water resource alloca- 
tion has been enthusiastically taken up by agricul- 
tural experts. However, there are problems which 
receive little attention from practitioners--problems 
dealing with whether the model is adequate and 
with how the results are evaluated once the model 
has been specified and run. The difficulties in- 
volved in specifying a model, defining its param- 
eters, and selecting a solution (preferably selecting 
one of the many optimal solutions or a more attrac- 
tive nearly optimal solution instead of the global 
optimum to which the solution first is directed) are 
assessed. Using examples of resource allocation 
studies it is demonstrated that systems analysis, or 


optimization, is frequently not so much misused as 
underused in its capacity to identify a wide range 
of alternative solutions whose characteristics might 
be quite distinct and which might form the basis 
for negotiation between potential beneficiaries. It is 
proposed that systems analysis be used to identify 
the negotiation frontier, as part of a larger activity 
which looks carefully at models, particularly the 
very large ones which have recently come to be 
accepted without significant consideration of the 
reliability of their parameters and the relative flat- 
ness of their objective functions. Such efforts to 
use models more humanely and to reduce their 
scale so that they become less of a computational 
burden may provide more insight into the decision 
making process. (See also W90-10358) (White- 
Reimer-PTT) 
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MODELING EFFICIENT CONJUNCTIVE USE 
OF WATER IN THE INDUS BASIN. 
International Bank for Reconstruction and Devel- 
opment, Washington, DC. Agricultural and Rural 
Development Dept. 

G. T. O’Mara, and J. H. Duloy. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 128-138, 
2 fig, 10 tab, 23 ref. 
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Gains of 17-20% in agricultural production and 14- 
16% in employment are possible in the Indus 
Basin, given more efficient allocation and manage- 
ment of surface and groundwater. These large 
gains were estimated by holding everything else 
constant and by making conservative assumptions 
for water supply. However, these gains require 
optimally coordinated use of surface and ground- 
waters. The necessary steps for achieving efficient 
conjunctive use require investments for drainage in 
saline groundwater areas and eventual public con- 
trol of private tubewell withdrawals in the fresh 
groundwater areas by some combination of taxes, 
subsidies, quotas, fees, and prices. These steps can 
be regarded as adjustment costs in a transition 
toward more efficient resource use. The subsidy 
costs might be unnecessary in practice since simu- 
lation experiments have shown that improved agri- 
cultural technology shifts the optimal control from 
a subsidy to a tax. However, large drainage invest- 
ments will be required to achieve the gains project- 
ed since these depend on large increases in canal 
diversions to saline groundwater areas. Until such 
drainage investments are in place, only limited 
gains are possible from increases in canal diver- 
sions. Control over private tubewell pumping is 
not needed at present since subsidies to encourage 
greater pumping are unnecessary until significant 
increases in drainage capacity exist, and with 
present water-table depths of less than 20 feet (6 
meters) in almost all fresh groundwater areas, there 
is so far no need for taxation to discourage exces- 
sive withdrawals. (See also W90-10358) (Author’s 
abstract) 
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The supply of irrigation water imposes the funda- 
mental constraint on the agricultural output of 
Mendoza, Argentina. A model was developed and 
tested to determine the external effects of pump 
irrigation. The model analyzed corresponds to a 
steady state in which net inflows to the aquifer are 
a function of the level of the water table, which in 
turn is influenced by pumping withdrawals. Under 
the assumption that net inflows are limited only by 
the amount of water in the aquifer and not by 
external supply, there exists a unique steady-state 
level of the water table for each rate of pumping 
withdrawal. The size of the externality is estimated 
in two steps. The first step is to estimate a reduced- 
form equation reflecting both the demand and 
supply forces. The second crucial coefficient is 
that of the lagged level of the water table. Using 
this model it was determined that: (1) the hydrolo- 
gical structure of Mendoza is such that an inverse 
relationship exists between the rate of withdrawal 
of groundwater and the level of the water table; (2) 
the influence of withdrawals of groundwater on 
the level of the water table persists at a significant 
rate for several months after those withdrawals; (3) 
the size of the effect of withdrawals on the level of 
the water table critically depends on the point in 
the irrigation season at which those withdrawals 
are make; and (4) the pattern of property rights in 
the Mendoza region is such that individual farmers 
will, in calculating their private costs consider only 
a portion of the total costs of withdrawing ground- 
water; and (5) as a result of the above, the market 
equilibrium leads to inefficient use of groundwater 
since social cost exceeds private cost by 10 to 34 
percent. (See also W90-10358) (White-Reimer- 
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The South Platte River system of Colorado uses 
surface and groundwater conjunctively for irriga- 
tion. Yet actual well capacity is approximately 
sufficient to irrigate the entire area. In order to 
examine the objectives of the individual farmers, a 
hydrologic model was coupled with an economic 
model. A simulation model that captured many of 
the essential elements of both the hydrologic 
system and the economics of allocating irrigation 
water was used to investigate a hypothetical reach 
of stream and interconnected aquifer which sup- 
ported an agricultural economy. The evaluation 
attempted to determine the role of the variation in 
water supplies in motivating farmers’ investments 
in groundwater capacity. It was determined that 
using the groundwater aquifer as a reservoir in a 
conjunctive water system such as that typified by 
the South Platte in Colorado greatly increases the 
economic benefits to be derived from the system. 
The results suggest that under the current econom- 
ic conditions existing in the area the most reasona- 
ble groundwater capacity is a total capacity capa- 
ble of irrigating all the available acreage with 
groundwater. It is further suggested that the addi- 
tional costs of pumping groundwater are not signif- 
icant. Installing sufficient pumping capacity to irri- 
gate all available acreage has two benefits: it maxi- 
mizes the expected net benefit, and it reduces the 
variance in expected income to nearly zero. The 
present Colorado plan of 5% flow augmentation 
may be small in really dry years. It is expected that 
augmentation capacity approaching 10% may be 
necessary in such dry years as occurred from 1953 
to 1956. As pumping capacity is installed in a 
conjunctive use system, the value of flow forecasts 
diminishes since poor forecasts are compensated 
for by pumping from the wells. (See also W90- 
10358) (White-Reimer-PTT) 
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Two arid countries, Qatar and Libya, were ana- 
lyzed to illustrate the complex economic and social 
effects of using groundwater for irrigation. Esti- 
mates of future water use in Qatar were based on 
population projections and take into account vari- 
ous government policies. Desirable policies include 
the achievement of various levels of food self- 
sufficiency and the expansion of light industry. 
Water requirements were estimated for various 
levels of food production; optimal cropping pat- 
terns, labor, and other factors were taken into 
account. A major cost is the large amount of 
desalinized water needed. Although future water 
requirements for domestic supply have been pre- 
dicted in Libya, they are not at all clear, since 
future water requirements for agriculture depend 
on a variety of policies, resources, and factors. The 
latest and most reliable estimate of average natural 
groundwater replenishment from surface streams 
and rainfall is about 195 cu m/y. In 1983 there was 
an estimated deficit being drawn from groundwat- 
er storage of about 435 million cubic meters a year. 
Water will be saved only by sophisticated irriga- 
tion systems, which will in turn require increasing- 
ly skilled farmers. Qatar and Libya are examples of 
areas that are water-short and money-rich. Engi- 
neering strategies for achieving the ideal of food 
self-sufficiency are costly, and nonengineering 
strategies are difficult from a social point of view. 
(See also W90-10358) (White-Reimer-PTT) 
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An irrigation schedule was developed for conjunc- 
tive use to improve the equity and efficiency of a 
traditional irrigation system in India. The objec- 
tives of the study were to: (1) develop an irrigation 
schedule that applies to the lowest level of the 
distribution network and achieves higher overall 
efficiency in water use by supplementing canal 
irrigation with groundwater; (2) estimate the mar- 
ginal returns from exploiting additional ground- 
water through an irrigation schedule conjunctive 
system; (3) maximize the favorable effects of exter- 
nalities to achieve higher agricultural production 
and more equitable water distribution; and (4) iden- 
tify the operational constraints and policy issues 
for conjunctive irrigation management and sched- 
uling. In order to meet these objectives four ele- 
ments were addressed: (1) the development of an 
appropriate irrigation management system through 
conjunctive use; (2) the use of a simple model to 
demonstrate the potential benefits of irrigation 
scheduling; (3) a detailed examination of the de- 
mands made on the groundwater system by the 
adoption of the appropriate irrigation schedule for 
a conjunctive system; and (4) identification of the 
policy issues and constraints involved in develop- 
ing the approach. A detailed description of the 


project construction elements, performance, 
groundwater exploitation, study outlets, conjunc- 
tive use, model structure, and sample results are 
provided. The results indicate the physical and 
economic feasibility of a strategy for irrigation 
management and scheduling which takes into ac- 
count the varying availability of canal water and 
high losses in the system. The approach is also 
consistent with farmer behavior, concerning the 
practice of supplementing canal water with 
groundwater, particularly when canal water is lim- 
ited. (See also W90-10358) (White-Reimer-PTT) 
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The Haryana State (Lat 27 degrees 39 minutes to 
30 degrees 55.5 minutes N, Long 74 degrees 27.8 
minutes to 77 degrees 36.5 minutes E) can be 
divided into two main hydrological zones. One 
zone lies in the northeastern part, receiving annual 
rainfall of 500-1000 mm and having good quality 
groundwater. The other zone lies in the central 
and south western region of the state, receiving 
300-500 mm annual rainfall and having brackish 
groundwater. Introduction of canal irrigation in 
this second zone has led to a rapid rise in the water 
table. During the period 1974-81, the rise in water 
table ranged from 0.55 to 4.89 m, whereas in areas 
having good quality groundwater a fall in the 
water table ranging from 0.69 to 1.12 m has been 
observed. Due to the rapid rise in the water table, 
in about 23.6 % of the area of the state the water 
table was within 3.0 m of ground surface in 1979. 
Because of the prevailing poor groundwater qual- 
ity and various agro-climatic conditions, the water 
table at this depth has the potential to cause soil 
salinization. In order to maintain the productivity 
of these lands, control of the rising water table by 
installation of appropriate drainage systems is, 
therefore, inevitable. Failing which, irrigation in 
arid and semiarid areas will become a curse instead 
of a blessing. (See also W90-10388) (Author’s ab- 
stract) 
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Reallocation of storage may increase a reservoir’s 
capability to satisfy municipal and industrial water- 
supply demands. The reallocation, however, simul- 
taneously may decrease the reservoir’s capability 
to satisfy competing demands. A PC-based reser- 
voir-operation simulator was developed to provide 
information about such trade-offs. The simulator 
accounts for: (1) Gain and loss of water in the 
reservoir; (2) Gain and loss of water between the 
reservoir and a downstream demand point and (3) 
Loss of water at the downstream water point. The 
user controls the sequence of data preparation and 
simulation with a set of menus. The user ‘fills in the 
blanks’ in data-entry screens to define system char- 
acteristics, storage allocation, and hydrologic 
inputs. The output was specifically designed for 
the PC, and included the capability to write files 
that may be read by spreadsheet and graphical- 
display programs. This state-of-the-art interface ex- 
pedites the edit-simulate-evaluate cycle, permitting 
the civil engineer to search for solutions to water- 
use problems, rather than for solutions to comput- 
er-use problems. (Author’s abstract) 
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River regulation offers the benefits of stabilized 
runoff patterns, providing flood control and year- 
round water supply, and electricity generation on 
demand. Against these must be weighed the eco- 
logical effects on downstream areas. The ecologi- 
cal effects of river regulation have become a major 
focus of environmental research. The present 
volume is intended as a source for stream managers 
in meeting and adjusting release requirements to 
meet environmental objectives. Topics include: ec- 
ological management of regulated rivers in per- 
spective; water temperature, dissolved oxygen, and 
turbidity control in reservoir releases; water qual- 
ity modeling of regulated streams; flushing flows; 
alternative channelization procedures; channel en- 
gineering and erosion control; use of the instream 
habitat improvement methodology in mitigating 
the adverse effecis of river regulation on fisheries; 
flood plain fisheries management; mitigation of im- 
pacts to riparian vegetation on western montane 
streams; models for predicting benthic macroinver- 
tebrate habitat suitability under regulated flows; 
application of a classification and prediction tech- 
nique based on macroinvertebrates to assess the 
effects of river regulation; instream habitat model- 
ing techniques; and alternative approaches to pre- 
dicting trout populations from habitat in streams. 
(See W90-09998 thru W90-10010) (Rochester- 
PIT 
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Since about 3000 B.C., efforts have been made to 
regulate rivers for the benefit of agriculture. Now 
many other purposes are cited, including flood 
control, industrial uses, navigation, fisheries, and 
recreation and leisure. The ecological impact of 
river regulation schemes is considered, including a 
conceptual framework for the evaluation of that 
impact, tools available for mitigation of effects and 
even enhancement of river ecosystems, and prob- 
lems of implementing policies for the ecological 

g t of reg d rivers. Regulation of the 
Zambezi River is emphasized as an example. As- 
sessment of the environmental impact of river reg- 
ulation requires consideration of spatial dimensions 
(global and catchment scales) and the temporal 
dimension. Three approaches to potentially harm- 
ful river regulation schemes have been recognized: 
(1) preserving a portion of wild river; (2) second- 
ary regulation, in which additional structural meas- 
ures and special operation rules are employed; or 
(3) compensation schemes (e.g., fish ponds to com- 
pensate for lost fish). Of these, secondary regula- 
tion should be considered first. Measures available 
include flow modifications, water quality control, 
channel design and maintenance, fish passage, bio- 
logical alternatives (e.g., stocking), and controls on 
human activities. It has been argued that in devel- 
oping nations the pressures for agricultural devel- 
opment should take precedence over concerns 
about environmental impacts from river regulation. 
This view does not recognize that sustainable de- 
velopment requires environmentally sound man- 
agement. As illustrated by the approach taken in 
Zambia, development activities and environmental 
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management can be integrated. (See also W90- 
09997) (Rochester-PTT) 
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Models are developed for a variety of purposes, 
and almost all engineering decisions are based on 
some type of model. Many of the modeling ap- 
proaches developed for modeling nonregulated 
(natural) streams can be applied to regulated 
streams. Models applicable to regulated streams 
are discussed, including the structure of stream 
water quality models, the model processes, the 
types of stream water quality models, model appli- 
cation, and model selection. Model processes con- 
sidered are flow routing, heat exchange, reaeration 
and surface gas exchange, and biochemical reac- 
tions. Because of the need to conduct waste load 
allocation studies for streams, stream water quality 
modeling is fairly well developed. Also, because of 
the one-dimensional and steady-state assumptions 
often can be employed, stream modeling is rela- 
tively straightforward compared with water qual- 
ity modeling of other water resources. Additional- 
ly, the capabilities for modeling water quality of 
deep storage impoundments (and the quality of 
water released from them) have progressed sub- 
stantially over the last 10-15 yr. These factors have 
provided a readily available capability to evaluate 
regulated stream alternatives. However, there is an 
area of regulated stream water quality modeling 
that needs additional research and development: 
modeling the transformation in reservoir tailwaters 
of reduced chemical species released from the 
anoxic hypolimnion of a reservoir. Reduced sub- 
stances, such as sulfide, iron, and manganese, can 
cause significant water quality problems in reser- 
voir tailwaters. Generally, stream models do not 
contain algorithms for modeling these substances. 
The lack of mechanistic process descriptions means 
that site-specific empirical calibration must be done 
and results are not generally applicable. Questions 
concerning the interactions with sediments and the 
fate of toxic substances present similar water qual- 
ity modeling difficulties. (See also W90-09997) 
(Rochester-PTT) 
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Alterations to river channels are required to 
achieve the objectives of flood protection, drain- 
age, navigation, and prevention of erosion. How- 
ever, the application of conventional channeliza- 
tion methods can affect adversely the morphologi- 
cal and biological characteristics of river channels. 
Conventional engineering methods for channeliza- 
tion and their effects are summarized and alterna- 
tive channelization procedures, aimed at achieving 
a ‘design with nature’ or ‘reverence for rivers’ 
approach to channelization, are described. Chan- 
nelization frequently involves the loss of riparian 
vegetation, which is itself an important habitat and 
provides shade against excessive water tempera- 
tures. Geomorphological understanding is an es- 
sential component of alternative channelization de- 
signs. These alternatives include the preservation 
of natural channels, minimization of the impact of 
conventional engineering practices, enhancement 
of existing engineering projects and design or re- 
creation of natural channels. Interdisciplinary ap- 
praisal during planning and design should include 
the developer, engineer, geomorphologist, biolo- 
gist, conservationist, and local interest groups. Fur- 
ther research and performance monitoring of 
projects after implementation are required. In par- 
ticular, there is a need for scientific studies that 
quantify the biological effects and for cost studies 
to determine the effectiveness of alternatives. (See 
also W90-09997) (Rochester-PTT) 
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For many years, there has been a conflict between 
maximizing flood protection and keeping rivers in 
a comparatively natural state. However, a number 
of attempts have been made to establish design 
rules that take into account both safety measures 
and environmental arguments. Rehabilitation has 
become a new activity involving returning a tech- 
nically perfect but sterile river channel into some- 
thing more natural. Recent projects described here 
that show how safety and environmental aspects of 
channel engineering can be combined in a comple- 
mentary fashion; regulation of the Alpine Rhine in 
Switzerland is emphasized. Projects on the Emme 
River, Ova de Bernina, and at the mouth of the 
Reuss River also are considered. Traditional river 
training schemes followed Tulla’s rule (circa 1820) 
that ‘no river needs more than one channel.’ Con- 
sequences of this type of training could include 
aggradation or erosion. In regulation of the Alpine 
Rhine, erosion was a problem. Alternative ap- 
proaches utilize bank vegetation, drop structures, 
and nonconventional channel engineering (channel 
elongation (i.e., meandering courses) or channel 
widening). Regulating rivers is an ongoing task 
because of the inevitable repetition of flood events. 
Concepts that worked well for decades, because 
they were designed for the conditions immediately 
after the first regulation, may fail when long-term 
effects become predominant. Such long-term ef- 
fects may be the cessation of sediment supply from 
the river bed, which must happen if equilibrium 
conditions are to be reached, or the advancement 
of a delta. Straightening and narrowing of rivers 
has proved an extremely effective method for 
flood-proofing channels. However, if bed armoring 
does not occur, drop structures must be built to 
prevent overdeepening. A realistic alternative to 
building an extreme number of drop structures is to 
provide a certain number of wide braided reaches. 


WATER QUANTITY MANAGEMENT AND CONTROL—Field 4 
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This alternative has clear ecological advantages. 
(See also W90-09997) (Rochester-PTT) 
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Concern with the management of floodplains for 
fisheries is a comparatively recent phenomenon. 
Both traditional and theoretical techniques exist 
for dealing with some of the impacts of channel 
regulation on floodplain fisheries. Floodplain fish- 
eries management is reviewed, including: the bio- 
logical basis for floodplain productivity; fisheries 
on unmodified floodplains (capture fisheries, cul- 
ture fisheries); changes following river regulation; 
and management of fisheries in modified rivers 
(channel design, fish pass structures, artificial 
spawning areas, regulation of flows, introduction 
and stocking, aquaculture, and reservoir fisheries). 
Fish species inhabiting rivers can be classified into 
three main assemblages or ecological guilds: (1) 
species living in the main channel for much of their 
life history; (2) species confined to floodplain habi- 
tats for their entire life cycle; and (3) species that 
are intermediate between groups (1) and (2). As 
rivers become progressively more modified, the 
extent of development of the river basin increases, 
and the fisheries change, with diversity decreasing, 
larger species dropping out of the community, and 
ultimately loss of species due to pollution. Where 
reservoirs are involved, reservoir fisheries may 
develop in place of river and floodplain fisheries. 
Management of fisheries in modified rivers in- 
volves several approaches, including: channel 
design (derestriction of the floodplain, channel 
control structures); fish pass structures; artificial 
spawning areas; flow regulation; fish introduction 
and stocking; and aquaculture and reservoir fisher- 
ies (as compensatory fisheries). (See also W90- 
09997) (Rochester-PTT) 
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The proceedings address the problems that aquatic 
weeds and mosquitoes present to water managers. 
Aquatic plants are an important component of the 
water environment, providing oxygen, habitat, and 
food. However, these plants, especially the exotic 
species, can become major weed problems when 
their excessive growth impacts water uses. Aquatic 
weeds are a problem in all of the southeastern U.S. 
To address this problem, federal agencies, especial- 
ly Tennessee Valley Authority and the Army 
Corps of Engineers, state government, and many 
private utility companies, have extensive manage- 
ment efforts underway. Mosquitoes can also 
present major problems for water managers. Sig- 
nificant progress has been made to manage mosqui- 
to populations to minimize their impacts. Improved 
technology through the use of chemical and bio- 
logical controls, and water management are all 
helping to reduce the adverse impacts of mosqui- 
toes. (See W90-10012 thru W90-10031) (Mertz- 
PTT) 
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Mosquito production in impoundments is directly 
related to the types and quantities of aquatic and 
semi-aquatic vegetation present. The two primary 
types of vegetation to consider are the emergent 
and the submersed types with the submersed in 
recent years far exceeding the emergent in impor- 
tance as a breeding habitat. Of particular impor- 
tance is the exotic aquatic plant Eurasian watermil- 
foil which was accidentally introduced into the 
Tennessee Valley Authority reservoir system in 
1960. Since then it has rapidly expanded its range 
over much of the main stem of the reservoir 
system and is the primary concern of mosquito 
control operations. Controlling permanent pool 
types of mosquitoes involves the management and 
manipulation of environmental factors that affect 
plant growth. Reservoir basin preparation, shore- 
line modification, operation of dewatering areas, 
and water level management are the main activities 
employed to manage vegetation and in turn con- 
trol mosquito production. Supplemental herbicidal 
applications are also very effective in controlling 
submersed macrophytes in selected areas. Limited 
mechanical control of emergent woody vegetation 
not only eliminates mosquito breeding habitat, but 
also facilitates larvicidal applications. (See also 
W90-10011) (Mertz-PTT) 
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Field 4—WATER QUANTITY MANAGEMENT AND CONTROL 


Group 4A—Control Of Water On The Surface 


In the past 20 years, several non-native aquatic 
plant species have been introduced into Piedmont 
waters (North and South Carolina) and have 
become serious pests affecting both recreational 
and industrial water use. Nuisance plants include 
Brazilian elodea (Egeria densa), water primrose 
(Ludwigia uruguayensis), giant smartweed (Poly- 
gonum lapathifolium), and brittle naiad (Najas 
minor). Biological control was implemented in a 
pond dominated by brittle naiad and small pond- 
weed (Potamogeton pusillus). Steril triploid grass 
carp were introduced into the pond. Weed control 
has been excellent. Several populations of aquatic 
plants located in Duke Power reservoirs required 
chemical control using EPA-approved herbicides. 
Most chemical applications resulted in good to 
excellent control (70-90%). Brazilian elodea was 
controlled by lowering lake level during the 
winter. All of the elodea exposed to freezing and 
drying was killed during the drawdown. (See also 
W90-10011) (Mertz-PTT) 
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In response to the growing support for action on 
aquatic weed problems, the Governor of North 
Carolina acted on the hydrilla task force’s recom- 
mendation and designated the Department of Nat- 
ural Resources as the lead agency for aquatic weed 
control and directed the creation of an Aquatic 
Weed Control Council. The Division of Water 
Resources was given the responsibility for adminis- 
tering the Aquatic Weed Control Program which 
is aimed at reducing problems and losses caused by 
the growth of aquatic weeds. The program is 
responsible for administering three major activities: 
control and evaluation, surveys, and providing as- 
sistance to local cooperators. Funds for the pro- 
gram are through two cost-sharing programs: one 
involves Federal furids, while the other uses US 
Army Corps of Engineer and State funding. (See 
also W90-10011) (Mertz-PTT) 

W90- 10014 


MANAGEMENT OF AQUATIC PLANTS AND 
MOSQUITOES IN THE SANTEE COOPER HY- 
DROLOGIC SYSTEM. 

South Carolina Public Service Authority, Moncks 
Corner. 

H. B. Roach. 

IN: Proceedings of Workshop on Management of 
Aquatic Weeds and Mosquitoes in Impoundments, 
March 14-15, 1989, University of North Carolina 
at Charlotte. Water Resources Research Inst. 
Report No. 247, 1989. p 31-34. 1 ref. 


Descriptors: *Aquatic weed control, *Aquatic 
weeds, *Mosquitoes, *Reservoir operation, *South 
Carolina, Aquatic plants, Biocontrol, Biological 
control, Cooper River, Herbicides, Hydrilla, Lake 
Marion, Lake Moultrie, Physical control, Santee 
River, Water management. 


The Santee Cooper Reservoir system is comprised 
of Lake Marion, covering 110,000 acres and Lake 
Moultrie, with 66,000 acres connected by a 7.5 
mile Diversion Canal. This system connects two 
river basins, the Santee and the Cooper, with over 
25,000 square miles of drainage and is the largest 
watershed east of the Mississippi River. Soon after 
impoundment in 1939, noxious aquatic vegetation 
became a problem in the headwaters of Lake 
Marion. From this early period until 1980, aquatic 
plant control was conducted only as a tool for 
mosquito abatement and under the management of 
the Mosquito Control Supervision. In 1982, Hy- 


drilla verticillata was discovered, and it continues 
to be a problem, despite herbicidal treatment. 
There are 10 genera and 49 species of mosquitoes 
that occur on the project. Approved aquatic herbi- 
cides have been the primary control measure for 
aquatic vegetation in the reservoirs. Aquathal-K 
and Diquat are used. Mosquito abatement utilizes 
physical, chemical and biological control measures. 
Physical control includes filling, drainage, coppice 
clearing and shoreline flotage removal. Chemical 
control of larvae is by treatment with insect 
growth regulator, while technical grade malathion 
is used for adult control. Biological control of 
larvae is by the common mosquito fish and Bacillus 
thuringiensis var. israelensis. Santee Cooper is also 
producing triploid grass carp at the Aquaculture 
Center in Georgetown. (See also W90-10011) 
(Mertz-PTT) 
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The South Carolina Aquatic Plant Management 
Program was established in 1980 to provide co- 
ordinated statewide management of aquatic weed 
problems in public waters. At the same time the 
S.C. Aquatic Plant Management Council was es- 
tablished. The Council reviews and approves all 
annual management plans and research expendi- 
tures and provides for important interagency co- 
ordination of program plans and operations. The 
Water Resources Commission was designated as 
the lead agency to administer the program and 
provides staff support to the Council. Since 1981, 
aquatic plant control operations have been imple- 
mented on 50 water bodies (22,800 acres) at a cost 
of over $3.2 million. The most frequently used 
control method is an integrated strategy using a 
combination of Federal and State approved aquatic 
herbicides and triploid grass carp. This approach 
has proven effective in small State Park lakes 
systems and is now being expanded to larger sys- 
tems. In addition to control operations the S.C. 
Aquatic Plant Management Program supports 
aquatic plant related research activities. (See also 
W90-10011) (Mertz-PTT) 
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The North Carolina Aquatic Plant Control Pro- 
gram is administered by the Wilmington district 
Corps of Engineers and the North Carolina De- 
partment of Natural Resources and Community 
Development, Division of Water Resources. The 
primary objective of the program is the control of 
weed infestations of major economic significance 
in non-Federal public waters. In North Carolina, 
activities under the Aquatic Plant Control Pro- 
gram are limited to the control of exotic weed 
species that have been approved in the State 
Design Memorandum. These include: alligator- 


weed, Eurasian water milfoil, and hydrilla. Biolog- 
ical control by use of triploid grass carp is the 
primary hydrilla control method used under the 
Program; The US EPA registered aquatic herbi- 
cides are also applied as needed. Alligatorweed is 
controlled with herbicidal treatment. No serious 
problems with Eurasian water milfoil have been 
identified to date. The primary aquatic weed ef- 
forts at Corps of Engineers’ Reservoirs are to 
provide aquatic weed information to the lake users 
and management staff. (See also W90-10011) 
(Mertz-PTT) 
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Mosquito control has been a dominant factor in the 
management of John H. Kerr Reservoir, Virginia 
since pool impoundment in 1952. Initial efforts 
were aimed at limiting the potential for malaria 
transmission in the project area by controlling pop- 
ulation levels and breeding habitats of the mosqui- 
to Anopheles quadrimaculatus. Extensive manage- 
ment practices were implemented in the first 
decade of the reservoir to alter known breeding 
habitat of anopheline mosquitoes through mechani- 
cal and chemical means. A seasonal program of 
chemical larviciding was also initiated during the 
first year of the project and has remained in effect 
to this day. The habitat control operations imple- 
mented in the early years consisted of drainage of 
isolated pools, marshes and pothole areas created 
by a fluctuating reservoir level. A program of drift 
removal in areas adjacent to residential or recre- 
ational development was also initiated. An impor- 
tant part of mosquito control is population moni- 
toring. An extensive program was initiated in 1949, 
three years prior to reservoir impoundment. 
During the 1989 season, there were 20 resting 
shelters monitored on a biweekly basis. Larval 
dipping is accomplished in the vicinity of each 
identified station, the results of which are the de- 
ciding factor on when and where to apply larvi- 
cide. (See also W90-10011) (Mertz-PTT) 
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Mosquito control performed by organized pro- 
grams in North Carolina was first begun around 
1919 in Wilmington, Rocky Mount and other 
cities, in the battle against malaria. On the basis of 
a 1957 report entitled ‘Report of the North Caroli- 
na Salt Marsh Mosquito Study Commission’ the 
state created a distinct mosquito and vector control 
program which included legislation relating to the 
control of mosquitoes in impounded waters. Pres- 
ently, North Carolina spends about $2.5 million 
each year on organized mosquito control. About 
one-third of this money goes for water manage- 
ment activities, while the other two-thirds is spent 
on chemical control. North Carolina laws and ad- 





ministrative rules make it the responsibility of the 
Vector Control Branch to oversee the control of 
mosquitoes in the impounded waters of North 
Carolina. Water bodies of 100 acres or more must 
apply for a permit prior to construction and filling 
of ponds and lakes. One current problem requiring 
study in North Carolina is the fairly recent prolif- 
eration of retention detention ponds for the control 
of surface water runoff. Design criteria for these 
ponds must include proper mosquito control de- 
signs as well as water retention. (See also W90- 
10011) (Mertz-PTT) 
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Excessive aquatic vegetation continues to interfere 
with the multipurpose use of main stream Tennes- 
see Valley Authority reservoirs. A significant in- 
crease was noted during the four-year drought 
period beginning in 1984, when submersed macro- 
phytes increased from about 23,000 acres up to 
46,000 acres in 1988. The dominant aquatic macro- 
phyte in main stream reservoirs during the last 30 
years has been Eurasian watermilfoil (Myriophyl- 
lum spicatum L.). Other macrophytes, such as 
spinyleaf naiad (Najas minor L.), Southern naiad 
(N. guadalupensis Spring. Magnus), coontail (Cera- 
tophyllum demersum L.), Brazilian elodea (Egeria 
densa Planch.), American pondweed (Potamoge- 
ton nodosus Poir.), muskgrass (Chara sp.), and 
waterstargrass (Heteranthera dubia Jacquin 
MacM.), have recently begun to interfere with 
more intensive use of the reservoirs. The noxious 
macrophyte, hydrilla (Hydrilla verticillata L-fil. 
Royle), has been in the Tennessee Valley for seven 
years and infests three reservoirs. Routine surveys, 
preferably by boat, within shallow, shoreline zones 
are recommended for water resource managers for 
early detection of expanding aquatic macrophyte 
colonization. Herbicidal treatment strategies have 
been developed that are most compatible with the 
multipurpose uses of reservoirs. Drawdowns have 
been used successfully for almost 50 years. Biologi- 
cal control investigations have dealt primarily with 
grass carp. While this fish was not effective in 
controlling watermilfoil, it has proven useful on 
hydrilla. Mechanical control is not economically 
feasible. Most exotic weeds, such as hydrilla, could 
be suppressed if routine surveillance is conducted 
by informed specialists. In public water bodies, 
prevention efforts are ultimately dependent upon 
public awareness and cooperation. (See also W90- 
10011) (Mertz-PTT) 

W90-10020 


_— PLANT MANAGEMENT IN FLORI- 


Florida Univ., Gainesville. Inst. of Food and Agri- 
cultural Sciences. 

K. A. Langeland, and J. C. Joyce. 

IN: Proceedings of Workshop on Management of 
Aquatic Weeds and Mosquitoes in Impoundments, 
March 14-15, 1989, University of North Carolina 
at Charlotte. Water Resources Research Inst. 
Report No. 247, 1989. p 61-72. 1 tab, 10 ref. 


Descriptors: *Aquatic plants, *Aquatic weed con- 
trol, *Aquatic weeds, *Florida, *Reservoirs, 
*Rivers, *Water management, Aquatic insects, 
Biocontrol, Carp, Herbicides, Hydrilla, Naviga- 
tion, Reservoir operation. 


WATER QUANTITY MANAGEMENT AND CONTROL—Field 4 


Control Of Water On The Surface—Group 4A 


The history of aquatic plant management in Flori- 
da parallels the introduction of several exotic plant 
species and the development of the state’s water 
resources. The introduction of water hyacinth in 
1884 and alligatorweed in the 1890s quickly affect- 
ed the navigability of the state’s rivers. In 1902 
Congress authorized the extermination and remov- 
al of the plants by any mechanical, chemical or 
other means. Between 1900 and 1950, only me- 
chanical means proved successful, albeit tempo- 
rary, strategies for controlling aquatic weeds. 
From 1944 to 1946, evaluations of the herbicide, 
2,4-D were initiated. Biological control began in 
the 1960s with the alligatorweed flea beetle and 
hyacinth weevils. Current research efforts focus on 
the development of biological control techniques 
using plant pathogens, insects and herbivorous fish, 
economic use of aquatic plants and the evaluation 
of mechanical techniques and aquatic herbicides. 
Investigation irto basic aquatic plant physiology 
and ecology and limnological effects of plants, plus 
relationships among fisheries, aquatic plants and 
plant management also continues. Hydrilla persists 
in choking Florida’s waterways. Biological control 
for hydrilla using grass carp has proven extremely 
effective. Drawdown and bottom covers are an- 
other type of manipulation that is occasionally 
wt also w90-1001 1) (Mertz-PTT) 
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The use of insects for the biological control of 
aquatic weeds, with the exception of alligatorweed 
and waterhyacinths, is still in its infancy. Research 
continues to find potential suppressants for hy- 
drilla, Eurasian watermilfoil, and other species. 
Extensive testing in South America and further 
studies in a USDA quarantine laboratory in the 
United States indicate that three insects were suffi- 
ciently host-specific to be released on alligator- 
weed in the southern United States. These include: 
the alligatorweed flea beetle (Agasicles hygro- 
phila), the alligatorweed thrips (Amynothrips an- 
dersoni), and the alligatorweed stemborer (Vogtia 
malloi). Three other insect species have potential 
for the suppression of waterhyacinth: two weevils 
(Neochetina eichhorniae and N. bruchi), and a 
pyralid moth (Sameodes albiguttalis). Grass carp is 
commonly used against hydrilla, but recent studies 
indicate that several insects are also effective 
against hydrilla: two weevils (Bagous affilnis and 
Bagous sp.) and two ephydrid flies (Hydrellia pa- 
kistanae and Hyrellia sp.). Two insects are current- 
ly under study for the biological control of water- 
lettuce: a South American weevil (Neohydrono- 
mus pulchellus) and noctuid moth (Namangana 
pectinicornis). Major limitations to insect control 
of aquatic weeds include availability of funding, 
the long time period required to search native 
habitats and to screen potential candidates, and the 
fact that relatively few species of truly aquatic 
insects feed on and are sufficiently host specific on 
aquatic vegetation. (See also W90-100i1) (Mertz- 
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Herbivorous fish offer an attractive alternative for 
the control of aquatic macrophytes, especially sub- 
mergents. Because of the high cost of chemical 
treatment for submergents, herbivorous fish are 
relatively economical. Furthermore, their use in no 
way affects use of the water for irrigation, live- 
stock or municipal water supply, swimming, or any 
other use. Four fish are recognized for their vege- 
tation control capabilities: common carp (Cyprinus 
carpio), blue tilapia (Tilapia aurea), redbelly tilapia 
(Tilapia zillii), and grass carp (Ctenopharyngodon 
idella). Although these non-native fish have appli- 
cability for aquatic vegetation control, only the 
grass carp has proven reliable. Its use is restricted 
to branched algae and submergent macrophytes, 
which should be controlled for up to 10 years from 
a single stocking. Effects on water quality and fish 
populations are indirect, essentially neutral, and 
similar to those that might result from use of other 
vegetation control measures. (See also W90-10011) 
(Mertz-PTT) 
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The Army Corps of Engineers has investigated the 
biological control of aquatic plants because biocon- 
trol agents are self-perpetuating and provide a low- 
cost, long-term remedy. Several plant pathogens 
have been identified for use against waterhyacinth. 
Cercospora rodmanii caused a decline of water- 
hyacinth in Rodman Reservoir in 1971. A natural 
epidemic of a related species, Cercospora piaropi, 
also offers potential. Arzama densa _ initially 
showed some pathogenic possibilities, but experi- 
mental results have been sporatic. Colletotrichum 
gloeosporioides holds promise against Eurasian 
watermilfoil. It may be a viable option when used 
in conjunction with sublethal doses of herbicides. 
The native fungal pathogen Mycoleptodiscus ter- 
restris removes all vegetation above the sediment 
within a treated area for 1-2 months, but must be 
reapplied when vegetation regrows. Two patho- 
gens, Fusarium roseum and Cladosporium sp., 
have been tested against hydrilla with poor results. 
Although a commercially produced pathogen bio- 
control agent has not been developed to date, the 
capability has been demonstrated. The Army 
Corps of Engineers continues conducting studies in 
this area. (See also W90-10011) (Mertz-PTT) 
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Bacillus thuringiensis was initially isolated from 
silkworms in Japan during the early 1900s. Al- 
though the possibility of using this bacteria as a 
biological control agent had been explored, suc- 
cessful control of lepidopterans was not obtained 
until the variety kurstaki was discovered in 1962. 
Unfortunately, there was little activity of this vari- 
ety against mosquitoes. In 1977 a Bacillus thurin- 
giensis strain was isolated from dead mosquito 
larvae collected from a ground pool in Israel. The 
variety israelensis showed great activity against 
mosquito larvae. Commercialization of Bacillus 
thurintgiensis products soon followed. In North 
Carolina and many other states, it has become the 
primary larvicide in mosquito control operations. 
A strain of Bacillus spaericus has been found that 
demonstrates activity against mosquito larvae also. 
Unlike Bacillus thuringiensis, the toxin is located in 
the spore and not the parasporal body. B. spaeril- 
cus has great activity against Culex mosquitoes, 
but is substantially less effective against other 
genera. Commercialization of B. sphaerilcus is im- 
minent. (See also W90-10011) (Mertz-PTT) 
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Resources. 
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Although several chemicals are approved for 
water supplies, the Division of Water Resources’ 
Aquatic Weed Control Program in North Carolina 
has not used chemicals for aquatic weed control in 
water supply reservoirs. Biological control with 
grass carp is the method of choice against sub- 
mersed weeds in potable water. Certain physical 
methods also may be safely used. Steps that can be 
taken in the planning and construction of reser- 
voirs to discourage the development of aquatic 
weed problems are: (1) site selection to avoid vast 
expanses of shallow water; (2) cut and fill oper- 
ations to create steeper shoreline slopes, and (3) 
providing structures for water level control. The 
construction of a sediment basin above the reser- 
voir headwaters may also provide some protection 
from aquatic weed colonization. Water level ma- 
nipulation is the most commonly used physical 
method for controlling aquatic weed growth. 
Winter drawdown, summer drawdown, planned 
water level fluctuations, and temporarily increas- 
ing water depth above normal pool level may have 
application, depending upon water availability, res- 
ervoir conditions, and target weed. (See also W90- 
10011) (Mertz-PTT) 
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IN: Proceedings of Workshop on Management of 
Aquatic Weeds and Mosquitoes in Impoundments, 
March 14-15, 1989, University of North Carolina 
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There are several obstacles to effective aquatic 
plant management in canals with the traditional 
approach of herbicide applications. Moving water 
presents problems concerning the necessary expo- 
sure time for contact. Many canals are often associ- 
ated with some type of agricultural irrigation 
project where herbicide residues might cause 
damage to the crops being irrigated. Triploid grass 
carp are now being used to control or even eradi- 
cate aquatic vegetation in many canal systems. 
Aquatic plant management objectives for urban 
canals are similar to those for ponds and lakes that 
have high visibility and extensive recreational use. 
Urban canals in Florida that have been stocked 
with triploid grass carp at rates as high as 7-8 fish 
per metric ton of vegetation biomass of several 
weed species have resulted in a gradual decline of 
vegetation biomass, with elimination generally oc- 
curring sometime after the first year. Another im- 
portant factor for successfully using grass carp is 
retention. Fish must not be able to escape the 
target areas and the construction of fish barriers is 
necessary to maintain the intended grass carp den- 
sity. Triploid grass carp are also being used in 
Florida for weed control in agricultural areas in 
Florida. Major target weeds of the grass carp 
biological control program is hydrilla (Hydrilla 
verticillata) followed by torpedograss (Panicum 
repens). (See also W90-10011) (Mertz-PTT) 
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Impoundments share certain characteristics that 
make them distinct from other mosquito producing 
habitats. They are usually very large in size, per- 
manent and have emergent or floating vegetation. 
Two types of surveys should be conducted prior to 
the formation of an impoundment. The first is a 
physical overview of the area. From this, trouble 
spots, such as floodplains, low fields, and ridges 
that might prevent proper water control practices 
can be seen. Mosquito fauna should also be sur- 
veyed prior to impoundment. Mosquitoes found in 
impoundments are often widely dispersed in time 
and space. As a result, larval surveillance is diffi- 
cult and may not provide accurate, quantitative 
data on mosquito population levels. Routine in- 
spections for larvae are useful, however, for indi- 
cating the presence or absence of mosquitoes and 
in determining if nuisance species are present. 
Adult mosquito population level operations should 
concentrate on nuisance levels as measured by 
complaints, landing rates, and CO2 baited traps. 
Light traps are also useful because they are consist- 
ent and large numbers of them can be deployed 
and maintained easily. Resting boxes should also be 
used, since many species from impoundments can 
be collected efficiently by this method. Non-selec- 
tive samplers, such as truck traps and suction traps, 
are not well suited to sampling mosquitoes pro- 
duced by impoundments because they collect small 
numbers, a problem worsened by the often low 
densities of mosquitoes found in these habitats. 
(See also W90-10011) (Mertz-PTT) 
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Fish and Wildlife Service, Raleigh, NC. Raleigh 
Field Office. 

D. C. Mignogno. 
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The Endangered Species Act of 1973 and subse- 
quent amendments to the Act were enacted by 
Congress to provide protection to species deter- 
mined to be endangered or threatened. As a result 
of its review of pesticide registration activities and 
informal consultation with the US Fish and Wild- 
life Service, the US EPA determined that the 
registration of certain pesticides for selected uses is 
likely to adversely affect listed species. Initially, 
EPA’s pesticide consultations were conducted on a 
case-by-case basis when individual pesticides were 
submitted for new registration. Since then the 
EPA has developed a cluster approach that evalu- 
ates together all pesticides registered for the same 
use patterns. To date, formal consultations are 
complete and biological opinions have been issued 
for four clusters: forestry use, mosquito larvicide 
use, rangeland or pastureland use, and crop use. 
Based on information available to the Fish and 
Wildlife Service, the EPA plans to implement a 
voluntary program for compliance in 1991. The 
biological opinions for the four clusters, and a 
notice of advanced rule making will be issued to 
give affected parties a year to come into compli- 
ance. During the 1992 planting season, EPA ex- 
pects to implement the Reasonable and Prudent 
Alternatives, and Reasonable and Prudent Meas- 
ures outlined in the Fish and Wildlife Service’s 
pesticide biological opinions. For evaluation of the 
impacts to listed species, conceptual models were 
developed to promote consistent and systematic 
evaluation of the potential impact of pesticides on 
these species. The models direct the user to consid- 
er: the potential for exposure of each listed species 
to a pesticide; information on chemical toxicity 
relative to estimated environmental concentration; 
potential secondary impacts; and special concerns 
not specifically addressed. (See also W90-10011) 
(Mertz-PTT) 
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The recommendation of flushing flows as part of 
an overall instream flow regime is becoming more 
common below water development projects in the 
western United States. Typically, objectives of 
these high magnitude, short duration releases are 
to maintain channel capacity and fish habitat qual- 
ity by preventing riparian encroachment and flush- 
ing accumulated fine sediments from the stream- 
bed. While several methods have been developed 
for estimating flushing requirements, little evalua- 
tion has taken place regarding the effectiveness of 





implemented releases. Water development-related 
construction activity in the headwaters of south- 
central Wyoming’s Little Snake River during mid- 
1984 resulted in substantial deposition of fine and 
coarse sediment in the stream channel. Given the 
potential for severe sediment deposition in the Col- 
orado cutthroat trout habitat, a study was conduct- 
ed to (1) quantify the amount and composition; (2) 
monitor quantitative and qualitative changes in the 
deposition in response to varying hydrologic, hy- 
draulic, and sediment transport characteristics; (3) 
recommend a flushing flow regime to mitigate the 
sediment spill; and (4) evaluate the effectiveness of 
the recommended regime. Flushing flow releases 
were somewhat successful in meeting management 
objectives. Preliminary discussion of a new method 
for flushing analysis, sediment transport input- 
output modelling, is also presented. The crossover 
discharge is combined with knowledge of the 
quantity of material to be flushed and water avail- 
ability facilitates the hydrologist in the design of a 
flushing flow regime. (See also W90-10068) (Au- 
thor’s abstract) 
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The general concept and methodology used in the 
simulation of reservoir operation, which played an 
important role in the study of the Susitna Hydro- 
electric project is presented in this article. The 
objective of the simulation was to find optimum 
operational rules which would meet projected 
energy requirements of the Alaska Railbelt, while 
at the same time, satisfying flow regimes which 
would maintain habitat for resident and anadro- 
mous fish. Computer models were used for the 
simulation of reservoir operation on a monthly, 
weekly, and hourly basis, using streamflow records 
of 34 years. The monthly simulation with rule 
curve proved itself to be simpler and less expensive 
than the others, and was effectively used in the 
economic analysis of the project. The weekly sim- 
ulation with the operation guide more closely sim- 
ulated the discharge variations for the studies of 
environmental impacts. The operation guide re- 
stricts the discharge variation in a specified limit to 
secure the protection of the fishery habitat. The 
simulation with the weekly model was successfully 
used for the evaluation of the flow regimes. The 
hourly simulation was used to test how the energy 
obtained from the weekly analysis could fit the 
hourly load curve. It was also used for the study of 
peaking capacity with respect to the allowable 
fluctuation of discharge in the downstream chan- 
nel. (See also W90-10434) (Lantz-PTT) 
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Selecting appropriate storage and release rates for 
reservoirs in snowmelt runoff environments is a 
prerequisite to sound water management. A signifi- 
cant number of small impoundments, operating for 
single or multiple purpose use in the western part 
of the U.S., lack adequate management tools to 
guide this process each year. A methodology is 
presented to use seasonal streamflow volume fore- 
casts issued by the U.S. Soil Conservation Service 
and the National Weather Service to improve man- 
agement capability at many of these reservoirs. 

ie technique involves generating a family of 
simple rule curves for each forecast period. These 
curves permit operators to use predicted inflow 
volume to set target outflow rates that will enable 
them to reach a full reservoir after passage of the 
seasonal peak. Forecasts at three probability levels 
help establish the range of likely seasonal runoff 
events. The derivation of the curves is presented 
along with a mathematical algorithm to produce 
them objectively from historical inflow records. 
The rule curves provide an operational tool useful 
for developing effective water management plans 
for reservoirs where forecast information is avail- 
able. Seven reservoir operating plans have been 
developed and implemented using this procedures 
in Montana and Oregon. (See also W90-10434) 
(Author’s abstract) 

10436 


WATERSHED TEST OF SNOW FENCE TO IN- 
CREASE STREAMFLOW: PRELIMINARY RE- 
SULTS. 

Rocky Mountain Forest and Range Experiment 
Station, Laramie, WY. Forestry Sciences Lab. 

R. D. Tabler, and D. L. Sturges. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
—_ Bethesda, Maryland. 1986. p 53-61, 10 fig, 
27 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Fences, *Snow fences, *Snowmelt, *Stream- 
flow, *Water yield improvement, Costs, Hydrolog- 
ic budget, Snow accumulation, Stream discharge, 
Watersheds. 


Although snow fences have long been proposed as 
the method to increase water yield, the feasibility 
of this practice has not been established. Hydrolog- 
ic changes are reported for the first two years after 
construction of an 800-m-long snow fence, 3.68 m 
tall, on a 307-ha paired watershed having ten years 
of pretreatment data. Although final assessment 
will require more years of study, initial treatment 
effects are so apparent that preliminary results are 
meaningful. Snow accumulation increased about 
58%, and streamflow averaged 237% of that pre- 
dicted by the pretreatment calibration with the 
control watershed. Flow duration of the ephemeral 
stream increased about 18 days. Overall water 
yield efficiency of the snow fence drift averaged 
about 43%; however, the yield efficiency of the 
added snow was about 85%. To amortize the fence 
construction cost over a 25 year physical project 
life, the value of the new water would have to be 
$0.06721 per cubic meter. (See also W90-10434) 
(Author’ Abstract) 
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In response to operational and environmental con- 
cerns, a literature review, mail survey, and a site 
visit have been made to evaluate the procedures 
adopted by operators of hydroelectric projects in 
cold regions similar to the Susitna Hydroelectric 
Project site. Four specific areas are addressed: (1) 
reservoir and powerhouse operating procedures to 
mitigate ice jam related flooding; (2) the effects of 
reservoir ice cover and bank ice on animal cross- 
ing; (3) management of reservoir ice cover to 
control ice cracking and its associated danger to 
animals; and (4) bank erosion resulting from reser- 
voir and river ice movement and its effect on 
suspended sediment and turbidity levels. It was 
concluded that procedures already established in 
other projects address the problem of mitigating 
downstream ice jam related flooding by: (1) estab- 
lishing a stable ice cover on the downstream river 
early in the season during freeze-up; (2) preventing 
hanging dams by inducing an early ice cover on 
the river upstream by artificial means, or by fluctu- 
ating discharge downstream to keep the ice cover 
broken up and downstream. All respondents to the 
mail survey stated that their organizations take no 
specific actions on their reservoirs to alter the state 
of ice on reservoir banks for wildlife safety reasons 
nor do they (except one) take any action to control 
reservoir ice cover that might be hazardous to 
animals. Local bank erosion can be expected in 
reservoirs which draw down continually in winter. 
(See also W90-10434) (Lantz-PTT) 
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The planning for and licensing of a major hydro- 
electric project requires many hydrologic and hy- 
draulic studies. These range from observations of 
existing conditions in the watershed, to estimates 
of project related effects on water use, water qual- 
ity and impacts on the ecosystem. Examples of 
analyses used to predict changes to plants and 
animals resulting from the construction and oper- 
ation of the Susitna Hydroelectric Plant are pre- 
sented. Reservoir water quality was evaluated 
using the Dynamic Reservoir Simulation Model 
(DYSREM). The model was modified to include: 
(1) formation of an ice cover on the reservoir and 
winter stratification; (2) outflow from the reservoir 
through multiple level offtakes; and (3) simulation 
of suspended sediment including settling and the 
effect of sediment on density and reservoir stratifi- 
cation. While the DYSREM model provided tem- 
peratures on a daily basis, the Stream Network 
Temperature Model (SNTEMP) model was used 
on an average weekly basis. Several refinements 
were made to the SNTEMP model as well, includ- 
ing: (1) estimation of solar radiation from incident 
radiation at the edge of the atmosphere corrected 
for atmospheric and topographic effects; (2) inclu- 
sion of frictional heating; and (3) inclusion of more 
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pertinent temperature information. (See also W90- 
10434) (Lantz-PTT) 
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Snow River jokulhlaups are outburst floods caused 
by the rapid release of water from a glacier- 
dammed lake. These events occur at two to four 
year intervals, but it has not been possible to 
predict accurately when a jokulhlaup will begin. 
The forecast procedure presented will not predict 
when a jokulhlaup will start; however, once one 
has begun and is recognized, the procedure will 
forecast the hydrograph of the remainder of the 
event. Usually, five days advanced notice of the 
severity of expected flooding can be provided to 
downstream residents. The forecast procedure is 
based upon the observation that the cross-sectional 
area of the glacier-dammed lake outlet is propor- 
tional to the amount of water that has passed 
through the outlet since the beginning of the event. 
A log-log plot of a function of the cross-sectional 
area versus accumulated outflow results in a linear 
relationship that can be demonstrated early in the 
event and used to forecast the discharge through 
the rest of the jokulhlaup. A tabulation of all 
fourteen hydrographs of the Snow River jokulh- 
laups that have occurred since 1947 is also present- 
ed. (See also W90-10434) (Author’s abstract) 
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A surface drainage system in which the drain lines 
are at two different elevations is called a bi-level 
drainage system. In order to evaluate the ability of 
such a system, it is necessary to develop a proce- 
dure in which water table elevations can be pre- 
dicted under given design conditions. An analyti- 
cal solution to predict the transient movement of 
the water table in a bi-level drainage system has 
been developed and is compared with a numerical 
solution. The analytical solution is obtained by 
making use of the Fourier series expansions, and 
the numerical solution has been developed by 
making use of the back difference equation solved 
by the Gauss scheme. The two solutions compare 
favorably with each other. This solution could be 
easily extended to practical problems generally 


arising in eee engineering. (Agostine-PTT) 
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Artificial infiltration of urban stormwater can po- 
tentially recharge groundwater and sustain stream 
base flows while improving storm water quality 
and contributing to flood control. It involves cap- 
turing storm water in basins where it is stored 
while infiltrating the surrounding soil. Manage- 
ment of these basins with design storm approaches 
needs to be supplemented by the long-term water 
balance. The long-term water balance incorporates 
continuous low-level background flows, in con- 
trast to the design storm, which is an isolated, rare 
and brief event. Background flows can accumulate 
in basins with no regular surface outlets, potential- 
ly reducing basin capacity and causing nuisances 
associated with standing water. A model has been 
devised for routing monthly average flows 
through infiltration basins. Using this model, 12 
infiltration basins representing different construc- 
tion methods and management objectives were de- 
signed for a hypothetical catchment in the Atlanta 
area. The effects of these basins in terms of cost, 
presence of standing water, capture of flood flows 
and average annual disposition of water were eval- 


uated. The results show that background flows 
cannot be disregarded in infiltration management, 
since the performance of basins designed without 
considering background flows can be considerably 
hampered by their presence. The results also invite 
discussion of alternative basin geometrics, materi- 
als and hydroperiods as ways of meeting site- 
specific objectives for water resources and urban 
amenities. (Author’s abstract) 
'90-09788 


SELECTED BOREHOLE GEOPHYSICAL 
LOGS AND DRILLERS’ LOGS, NORTHERN 
COASTAL PLAIN OF NEW JERSEY. 
Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09888 


GROUND-WATER RESOURCES OF THE 
UPPER WHITE RIVER BASIN IN ARKANSAS, 
Geological Survey, Little Rock, AR. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09890 


DISTRIBUTION OF WELLS IN THE CE! 

PART OF THE WESTE 

VALLEY, CALIFORNIA. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 


For primary bibliographic entry see Field 7C. 
W90-09904 
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EXPERIMENTAL GROUNDWATER DRAW 
DOWN USING A CURTAIN DRAIN ON A 
HENRY SOIL IN JEFFERSON COUNTY, AR- 
KANSAS. 

Jefferson County Health Unit, Pine Bluff, AR. 
For primary bibliographic entry see Field 5D. 
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ISOTOPIC AND HYDROGEOLOGICAL STUD- 
IES IN THE SOUTHWEST CF THE DOMINI- 
CAN REPUBLIC (ESTUDIOS ISOTOPICO E 
HIDROGEOLOGICO EN EL SUROESTE DE 
LA REPUBLICA DOMINICANA). 

Instituto Nacional de Recursos Hidraulicos, Santo 
Domingo (Dominican Republic). 

J. F. Febrillet, E. Bueno, K. P. Seiler, and W. 
Stichler. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 317-333, 14 fig, 4 ref. English summary. 


Descriptors: *Aquifer systems, *Dominican Re- 
public, *Geohydrology, *Groundwater manage- 
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*Stable isotopes, Evapotranspiration, Karst, Lago 
Enriquillo Basin. 


The southwest region is the poorest in the Domini- 
can Republic because of its harsh environment. 
Two karstified limestone mountain ranges, which 
are folded and faulted, run across the area. Be- 
tween the two ranges lies a lake, the Lago Enri- 
quillo, whose surface is below sea level. Potential 
evapotranspiration exceeds precipitation in the 
lowlands and vice versa in the mountains. The rate 
of groundwater recharge measured for the Lago 
Enriquillo basin is from 98 to 120 mm/a. The mean 
altitude of recharge calculated using stable isotopes 
was between 1000 and 2000 m a.s.l. The high 
orographic altitudes contribute more to recharging 
the Lago Enriquillo than to recharging the coastal 
areas of the Sierra de Bahoruco and the southern 
part of the Sierra itself. Mean residence time was 
determined from the variations in stable isotope 
concentrations, natural radioactive isotopes, and 
low-water discharge rates, and it was deduced that 
flow rates are higher in the longitudinal zones of 
the Sierras than in the transverse areas. The reason 
behind these phenomena has to do with zones of 
tectonic compression and dilatation. The karstified 
aquifer appears to be split into three levels, with 





storage capacity increasing with depth. Each level 
appears to be homogeneous from the point of view 
of the large scale field of flow. Possibilities for 
groundwater development seem most promising in 
the deep levels which surface at the feet of the 
Sierras, and more promising in the Lago Enriquillo 
basin than in others. The isotopic and hydrogeolo- 
gical studies have revealed five areas in the Lago 
Enriquillo basin where groundwater could be ex- 
ploited in the future. Such exploitation would be 
difficult in the other basins. (See also W90-09551) 
(Author’s abstract) 


EFFICIENCY IN IRRIGATION: THE CON- 
JUNCTIVE USE OF SURFACE AND GROUND- 
WATER RESOURCES. 

For primary bibliographic entry see Field 3F. 
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RESPONSES TO SOME OF THE ADVERSE 
EXTERNAL EFFECTS OF GROUNDWATER 
WITHDRAWALS IN CALIFORNIA. 

California State Dept. of Water Resources, Los 
Angeles. 

For primary bibliographic entry see Field 3F. 
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DEVELOPMENT OF GROUNDWATER FOR 
AGRICULTURE IN THE LOWER YELLOW 
RIVER ALLUVIAL BASIN. 

Ministry of Water Resources and Electric Power, 
Beijing (China). 

For primary bibliographic entry see Field 3F. 
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EFFICIENT CONJUNCTIVE USE OF SUR- 
FACE AND GROUNDWATER IN THE PEO- 
PLE’S VICTORY CANAL. 

Ministry of Water Resources and Electric Power, 
Beijing (China). 

For primary bibliographic entry see Field 3F. 
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REVIEW OF GROUNDWATER MANAGE- 
MENT MODELS. 

Geological Survey, Menlo Park, CA. 

For primary bibliographic entry see Field 2F. 
W90-10367 


MODELING EFFICIENT CONJUNCTIVE USE 
OF WATER IN THE INDUS BASIN. 
International Bank for Reconstruction and Devel- 
opment, Washington, DC. Agricultural and Rural 
Development Dept. 

For primary bibliographic entry see Field 3F. 
W90-10369 


EVIDENCE OF GROUNDWATER RECHARGE 
THROUGH FROZEN SOILS AT ANCHORAGE, 
ALASKA. 

Alaska Div. of Geological and Geophysical Sur- 
veys, Eagle River. 

For primary bibliographic entry see Field 2G. 
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RESIDENTIAL WELL DEVELOPMENT OF A 
LOW PERMEABILITY BEDROCK FLOW 
SYSTEM. 

Alaska Div. of Geological and Geophysical Sur- 
veys, Eagle River. Water Resources Section. 

W. A. Petrik. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ro Bethesda, Maryland. 1986. p 253-262, 6 fig, 
5 ref. 
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Complaints of inadequate domestic well yields in 
the hillside area of Eagle River, Alaska, prompted 
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Effects On Water Of Man’s Non-Water Activities—Group 4C 


a survey of existing water well data, measurement 
of water levels in private domestic wells, and 
interviews with homeowners regarding water use 
and water shortage problems. Water levels were 
measured in 59 domestic wells during August and 
September, 1985. Fifty-six of these wells were 
drilled into bedrock. The depths of the wells vary 
from 11 to 215 m (36-706 ft). Well logs showed 
unconsolidated sediments above the McHugh 
Complex metamorphic rocks to vary in thickness 
from 0.3 to 37 m (1-121 ft). Aquifers within the 
McHugh Complex rocks have virtually no primary 
permeability and low to very low secondary per- 
meability. Reported well yields vary from 0.01 to 
1.32 L/s (0.1 to 21.0 gallons per minute (gpm)). 
The median well yield is 0.13 1/s (2.0 gpm). Com- 
parison of 50 original reported static water levels 
to the 1985 measurements indicate current water 
levels are an average of 0.3 m (1 ft) above original- 
ly reported values. This is not considered to be a 
significant change. No definitive areal trend of 
either rising or falling levels exists. Apparent water 
level changes exhibit an irregular areal distribution, 
are commonly many meters (tens of feet) in magni- 
tude, and cannot be consistently correlated with 
any known factor. (See also W90-10434) (Author’s 
abstract) 

W90- 10462 


HYDROLOGIC MONITORING OF SUBSUR- 
FACE FLOW AND GROUNDWATER RE- 
CHARGE IN A MOUNTAIN WATERSHED. 
Nevada Univ. System, Reno. Water Resources 
Center. 

For primary bibliographic entry see Field 2F. 
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EFFECTIVENESS OF HYDRAULIC METHODS 

FOR CONTROLLING GROUNDWATER CON- 

TAMINATION. 

— (S.S.) and Associates, Inc., Rockville, 
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For primary bibliographic entry see Field 5G. 
W90-10521 
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EFFECTS OF TIDE RANGE ALTERATIONS 
ON SALT MARSH SEDIMENTS IN THE EAST- 
ERN SCHELDT, S. W. NETHERLANDS. 
Ingenieursbureau Oranjewoud B.V., Heerenveen 
(Netherlands). 

M. Vranken, O. Oenema, and J. Mulder. 
Hydrobiologia HYDRB8, Vol. 195, p 13-20, April 
30, 1990. 5 fig, 1 tab, 24 ref. 


Descriptors: *Dam effects, *Estuarine sediments, 
*Geochemistry, *Salt marshes, *The Netherlands, 
*Tides, Decalcification, Hydrogen ion concentra- 
tion, Iron, Oxidation, Pore water, Seasonal varia- 
tion, Sulfur. 


The construction of three dams induced large 
changes in the tide range in the Eastern Scheldt, a 
tidal inlet in the southwestern part of the Nether- 
lands. In 1986 the mean high tide level was re- 
duced by almost one meter. This excluded the 
greater part of the medium-high marshes almost 
completely from tidal flooding. The absence of 
tidal flooding in the summer of 1986, combined 
with a net precipitation deficit, increased the bulk 
density of the sediment irreversibly from 400 to 
530 kg/cu m in the top 5 cm. The subsidence of the 
backmarshes varied from 1 to 8 cm. The loss of 
moisture allowed oxygen to diffuse into the initial 
reducing sediment. This altered the geochemistry 
of the sediment significantly. The redoxcline was 
lowered from a mean depth of about 15 cm in 1985 
to 20-30 cm in the summer of 1986. Evidence of 
pyrite oxidation within a narrow depth interval of 
15-30 cm was obtained from the change in the 
composition of pore waters. The rapid increase in 
redox potentials (up to 600 mV) and total dissolved 
iron (up to 5 mM/L) and SO4(2-) (up to 65 mM/L) 
and the decrease in pH (up to 4.5-2.5) all suggest a 
rapid oxidation of pyrite. Acidic conditions were 
found only in sediments with low contents of calci- 


um carbonate and high contents of pyrite. Seasonal 
oxidation of reduced sulfur is probably a very 
important source of acidity in salt marshes. Decal- 
cification increases with increasing drainage of 
pore water during the reducing stage and with 
increasing depth of the oxidizing sediment during 
the oxidation stage. The establishment of a new 
tide range was reflected in the pH and Eh of the 
sediment. In December 1987 the depth profiles of 
pH and Eh were again close to those observed in 
1985. (Author’s abstract) 

W90-09684 


FORTH ESTUARY: A NURSERY AND OVER- 
WINTERING AREA FOR NORTH SEA 
FISHES. 

Forth River Purification Board, Queensferry 
(Scotland). Tidal Waters Lab. 

For primary bibliographic entry see Field 81. 
W90-09689 


CONSERVATION OF BRITISH NORTH SEA 
ESTUARIES. 

Nature Conservancy Council, Peterborough (Eng- 
land). 

For primary bibliographic entry see Field 2L. 
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PHOSPHORUS AND NITROGEN LOAD 
FROM FOREST AND AGRICULTURAL AREAS 
IN FINLAND. 

National Board of Waters, Helsinki (Finland). 
Water and Environment Research Inst. 

For primary bibliographic entry see Field 5B. 
W90-09762 


COMPILATION OF MEAN ANNUAL SUS- 
PENDED-SEDIMENT YIELDS FOR SELECT- 
ED STREAMS DRAINING BASINS WITHIN 
AND ADJACENT TO COAL FIELDS IN THE 
EASTERN UNITED STATES. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2J. 
W90-09889 


TRAVELTIME AND REAERATION OF SE- 
LECTED STREAMS IN THE NORTH PLATTE 
AND YAMPA RIVER BASINS, COLORADO. 
Geological Survey, Denver, CO. Water Resources 
Div. 

B. C. Ruddy, and L. J. Britton. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 88-4205, 
1989. 56p, 20 fig, 24 tab, 41 ref. 


Descriptors: *Coal mining, *Colorado, *Oil shale, 
*Reaeration, *Traveltime, Environmental impact, 
Path of pollutants. 


Traveltime characteristics were measured using 
rhodamine WT dye as a tracer in the Canadian and 
Michigan Rivers in the North Platte river basin 
and in the Yampa, Elk, and Williams Fork Rivers, 
and Trout and Fish Creeks in the Yampa River 
basin of Colorado. Reaeration coefficients were 
determined by use of the modified-tracer tech- 
niques using ethylene and propane gas for selected 
stream reaches during low-flow conditions. Stream 
reach velocities determined during traveltime and 
reaeration measurements ranged from 0.09 mi/ 
hour at 5.1 cu ft/sec on the Canadian River to 4.04 
mi/hour at 746 cu ft/sec on the Williams Fork. A 
modified longitudinal dispersion model or results 
from cumulative traveltime curves were used to 
estimate traveltimes in the measured streams for 
streamflow conditions other than those measured. 
Traveltime-discharge curves were developed by 
using the estimated and measured traveltimes. 
Reaeration coefficients were determined for 20 
different subreaches in the study area. Rearation 
coefficients were determined for 20 different su- 
breaches in the study area. Reaeration coefficients 
ranged from 1.6/day in a pooled subreach of the 
Yampa River Craig, Colorado, to 98/day in a 
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turbulent subreach of Trout Creek near Oak 
Creek, Colorado. (USGS) 
W90-09897 


INVESTIGATION OF SEDIMENT TRANS- 
PORT IN THE AUSTRIAN PART OF THE 
DANUBE USING ENVIRONMENTAL ISO- 
TOPES. 

Bundesversuchs- und Forschungsanstalt Arsenal, 
Vienna (Austria). 

For primary bibliographic entry see Field 2J. 
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RADIONUCLIDES IN BENTHIC MICRO- 
ALGAE (RADIONUKLIDER I BENTISKA KI- 
SELALGER). 

National Swedish Environment Protection Board, 
Solna. 

For primary bibliographic entry see Field SB. 
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PERMITTING A GOLD PLACER MINE 
WITHIN THE CAPITAL CITY OF MONTANA, 
PROCESSES AND PROBLEMS. 

Jones and Associates, Helena, MT. 

For primary bibliographic entry see Field 5G. 
W90-10078 


IMPACT OF WATER AND MINERAL DEVEL- 
OPMENT PROJECTS ON A RURAL COMMU- 
NITY AND ITS EDUCATION PROGRAMS. 

For primary bibliographic entry see Field 5G. 
W290-10080 


SEMI-EMPIRICAL METHOD FOR PREDICT- 
ING HYDROLOGIC IMPACTS OF UNDER- 
GROUND MINING IN _ FRACTURE-CON- 
TROLLED GROUNDWATER FLOW SYSTEMS. 
Applied Hydrology Associates, Inc., Denver, CO. 
A. P. O’Hayre, M. J. Day, and D. Conn. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 247-257. 3 fig, 
2 tab. 
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ground coal mining, Flow models, Geologic frac- 
tures, Groundwater storage, Seasonal variation, 
Springs, Surface Mining Control and Reclamation 
Act. 


The Surface Mining Control and Reclamation Act 
(SMCRA) requires evaluation of probable hydro- 
logic consequences (PHC) of coal mining and rec- 
lamation activities. A PHC determination includes 
predictions of seasonal changes in groundwater 
storage and flows. The choice of appropriate pre- 
dictive methods is usually determined by the sig- 
nificance of groundwater issues, the complexity of 
site hydrogeology, and preferences of the regula- 
tory agency. Typically, PHC analyses are prepared 
using numerical groundwater models. Monitored 
inflows during the first five years of operation at 
the Mount Gunnison underground mine near Som- 
erset, Colorado indicates that the major controls 
on groundwater occurrence and flow are discrete 
fracture zones and overburden cover. Numerical 
techniques have limited application in these hydro- 
geological conditions. A simple vertical flow 
model was developed and calibrated based on sea- 
sonal inflows. This simple modeling approach was 
very effective in developing estimates of mine in- 
flows and potential stream depletions for the life of 
mine operation. This approach also provided a 
basis for identifying springs that could possibly be 
affected by underground mining activities. (See 
also W90-10068) (Author’s abstract) 

W90-10083 


PREDICTING THE IMPACTS OF A LOGICAL 
MINING UNIT SYSTEM ON THE WATER RE- 
SOURCES OF AN AREA. 

Consolidation Coal Co., Library, PA. Research 
and Development Dept. 


A. S. C. Owili-Eger. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 259-269. 5 fig, 
5 tab. 


Descriptors: *Aquifers, *Coal mining effects, 
*Conservation, *Model studies, *Resources man- 
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mining, Aquifer characteristics, Base flow, Dis- 
solved solids, Flow discharge, Flow recharge, 
Leakage, Monitoring. 


Since the extraction of coal is one of the major 
activities which may affect the natural or existing 
hydrological equilibrium, the mining industry is 
committed to the conservation and protection of 
the water resources within and around mining 
environments. This commitments embodies thor- 
ough and systematic consideration of the quantita- 
tive and qualitative variations and, in general 
terms, the environmental consequences of the 
mining activity on the natural water systems. Con- 
cern had been expressed about the short-term and 
long-range hydrological impacts of maximum and 
possibly multiple seam extraction as it pertains to 
recoverable coal reserves. A concerted compre- 
hensive research program was initiated and con- 
ducted with these fundamental objectives: establish 
base flow parameters and inorganic quality of the 
waters in surface streams and aquifers; determine 
the rate and ascertain the direction of leakage, if 
any, between aquifer and confining strata; establish 
recharge-discharge relationships within the area of 
interest; monitor and document quantity and qual- 
ity variations of mine discharges and the effects of 
increased mining activity on such factors as base 
flow and sediment load; and determine aquifer 
characteristics and develop models of identifiable 
and quantifiable hydrological subsystems, as well 
as for the overall hydrological environment, for 
utilization as practical predictive tools. Results in- 
dicate that water exiting the watershed is relatively 
soft and has moderate dissolved solids. The minor 
intermittent tributaries contain extremely large 
quantities of dissolved solids and convey large 
sediment loads. The mine discharge water will not 
significantly impact the quality of the waters 
within the watershed. The models developed can 
be used with a fairly high degree of accuracy and 
consistency. (See also W90-10068) (Brunone-PTT) 
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TAR CREEK: DIVERSION EFFORTS TO- 
WARDS AN UNPOLLUTED FUTURE. 

Black and Veatch, Kansas City, MO. 

For primary bibliographic entry see Field 5G. 
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STREAMFLOW WATER-QUALITY NODE- 
STREAMFLOW MODEL FOR ASSESSING 
MINING-RELATED IMPACTS. 

In-Situ, Inc., Lakewood, CO. 

For primary bibliographic entry see Field 5B. 
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PREDICTING THE INFLUENCES OF POST- 
MINING CONDITIONS ON SURFACE AND 
GROUNDWATER RESOURCES. 

Applied Hydrology Associates, Inc., Denver, CO. 
M. J. Day, R. A. Mills, and J. G. Nalven. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 483-500. 9 fig, 
2 tab, 2 ref. 
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agement, Backfill, Downstream, Lysimeters, Moni- 
toring, Seasonal variation, Surface-groundwater 
relations. 


Backfilled areas of surface mines generally have 
different hydrogeological properties than undis- 
turbed overburden material. Recharge, groundwat- 
er flows, surface discharge locations, and water 


quality may be significantly changed in post- 
mining conditions. Predicting post-mining hydro- 
geological conditions, and how these may vary 
seasonally and over time, is necessary for evaluat- 
ing potential impacts on water resources. A predic- 
tive study of post-mining hydrogeologic conditions 
and potential hydrological influences on down- 
stream water resources was undertaken for an 
active surface coal mine in northwest Colorado. 
The study focused on existing conditions at an old 
backfilled area adjacent to active mining oper- 
ations. A conceptual model of the backfill hydro- 
geology was developed based on several sources of 
information. These data included the hydrogeolo- 
gic setting, calculated backfill recharge rates from 
lysimeter studies at adjacent mines, monitored flow 
and quality of backfill discharges, laboratory leach- 
ing studies, and water quality trends in down- 
gradient bedrock groundwater. Present backfill 
discharge varies seasonally but is in approximate 
balance with annual recharge. Discharge quality is 
reasonably consistent and is predictable from 
leaching studies of overburden cores. The apparent 
equilibrium of the backfill hydrogeology allows a 
definitive assessment of seasonal hydrologic influ- 
ences and extrapolation of results to future backfill 
areas with similar hydrogeologic settings. The 
study predicted no significant influence on the use 
of downstream water resources. (See also W90- 
10068) (Author’s abstract) 
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EVALUATION OF RUNOFF AND EROSION 
FROM SURFACE-MINED AREAS. 

Agricultural Research Service, Fort Collins, CO. 
Hydro-Ecosystem Research Unit. 

D. M. Hartley, and H. M. Weagraff. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 179- 
264, 15 fig, 22 tab, 68 ref, append. 


Descriptors: *Environmental engineering, *Ero- 
sion, *Mining, *Runoff forecasting, *Soil erosion, 
*Strip mines, *Watershed management, Computer 
models, Estimating, Forecasting, Hydrologic 
budget, Infiltration, Infiltration rate, Model studies, 
Rainfall infiltration, Rainfall-runoff relationships, 
Runoff, Sediment yield. 


One of the most difficult tasks facing the surface 
mine hydrologist is to determine the probable hy- 
drologic consequences of planned mining activi- 
ties. Surface runoff and erosion can be viewed as 
responses of a hydrologic system to driving forces 
of rainfall or snowmelt. The system of primary 
concern in this case is the soil surface with its 
topography and vegetation and the first meter or 
so of the soil profile below the surface. The curve 
number method of estimating direct runoff volume 
uses three variables: the total rainfall volume, the 
antecedent moisture condition and the watershed 
soil-cover complex. The water balance or infiltra- 
tion-based methods are based on the principle of 
mass conservation. Runoff index methods include 
the Phi and W index methods. The Phi index 
represents an average rate of abstraction that in- 
cludes infiltration, depression storage and intercep- 
tion that occurs during the period of direct runoff. 
The W index is a refinement of the Phi index that 
separates infiltration from depression and intercep- 
tion storage. The Cook method for peak runoff 
estimates 10, 25, and 50-year return period 

discharges from small watersheds of up to 2500 
acres in size. The Rational method estimates peak 
discharge from small watersheds. The Soil Conser- 
vation Service time of concentration method uti- 
lizes a graphical relationship between the peak 
discharge and time of concentration. Their tabular 
method determines peak discharges for composite 
watersheds made up of subareas with different 
curve numbers. Unit hydrograph methods are de- 
rived from rainfall-runoff data for the watershed of 
interest. The Universal Soil Loss Equation esti- 
mates soil loss caused by sheet and rill erosion 
from a field. Combining this with sediment deliv- 
ery ratio determines watershed sediment yield. The 
United States Geological Survey maintains several 
watershed models of surface runoff, water quality 
and sediment transport that have been integrated 
with a special interactive program that aids the 





user in the preparation, checking, updating and 
reformatting of input data sets and the analysis of 
program output. (See also W90-10104) (Mertz- 
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RIVER TRANSPORT OF PHOSPHORUS AS 
CONTROLLED BY LARGE SCALE LAND USE 
CHANGES. 

Linkoeping Univ. (Sweden). Dept. of Water and 
Environmental Research. 

G. Karlsson, and M. Lowgren. 

Acta Agriculturae Scandinavica AASCAU, Vol. 
40, No. 2, p 149-162, 1990. 9 fig, 4 tab, 35 ref. 
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Erosion, Hydrogen ion concentration, Lime. 


Land use, within the area studied, the Motala and 
Svarta River Basins, Sweden, displayed two large- 
scale changes over a period of 100 years. One was 
the transition from ley cultivation to grain produc- 
tion. The other change was the decrease in the 
number of livestock. The phosphorus balance for 
the area, accompanying these changes, showed 
that the early net export of about 1 kg per hectare 
per year at the end of the last century became a net 
import during the 1940s. Agricultural practices 
have changed, decreasing the share of land ex- 
posed to surface erosion, but the change is insignif- 
icant compared to the transport change found in 
the watercourse. The decreasing use of organic 
manure and the transition to the use of inorganic 
fertilizers coincided with the changes of phospho- 
rus transports observed. It is also evident that the 
acid/base effects of fertilizers, the amounts of lime 
(CaO) used, the increasing area of soils with a 
declining pH, and the transport decrease in the 
water all occur during the same period of time. To 
conclude, the most important factors of large-scale 
land use changes coinciding with the transport 
drop in the late 1960s, seem to be related to 
changes in transport mechanisms, rather than to 
large-scale pool changes. (Author’s abstract) 
W90-10159 


MEASURING SOIL HYDRAULIC PROPER- 
TIES AFTER CLEARING OF TROPICAL RAIN 
FOREST IN A COSTA RICAN SOIL. 
Agricultural Univ., Wageningen (Netherlands). 
Dept. of Soil Science and Geology. 

E. J. A. Spaans, J. Bouma, A. Lansu, and W. G. 
Wielemaker. 

Tropical Agriculture TAGLA2, Vol. 67, No. 1, p 
61-65, January 1990. 6 fig, 12 ref. 
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tures, Porosity. 


The crust test and a desorption method using un- 
disturbed samples placed in porous cups were ap- 
plied to measure hydraulic conductivity (K) and 
moisture retention data of a Humoxic Tropohu- 
mult. The crust test measures infiltration rates 
through a series of man-made crusts with different 
resistances and subcrust pressure heads. Each rate 
corresponds to a K value at unit hydraulic gradi- 
ent. Crusts are applied on top of an undisturbed 
column of soil carved out in situ and covered with 
mortar, allowing use of the method in stony soil. 
Multiple measurements in forests and in three-year- 
old pasture indicated a very strong decrease of K- 
sat from 1000 cm/day to 50 cm/day, respectively. 
Total porosities were not different but the forest 
topsoil contained more continuous macropores in 
the form of compound packing voids while the 
pasture soil contained less continuous accommo- 
dated planar voids. (Author’s abstract) 
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IMPACT OF AGRICULTURAL ACTIVITIES 
ON GROUND WATER. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field 5B. 
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CONTROL AND MANAGEMENT OF AGRI- 
CULTURAL IMPACT ON GROUNDWATER. 
For primary bibliographic entry see Field 5G. 
W90-10395 


IMPACT OF AGRICULTURE ON GROUND- 
WATER IN IRELAND. 

Geological Survey of Ireland, Dublin. 

C. R. Aldwell, D. J. Burdon, and M. Sherwood. 
IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 243-261. 1 tab, 29 ref. 


Descriptors: *Agricultural practices, *Drainage ef- 
fects, *Groundwater management, *Groundwater 
pollution, *Ireland, Annual precipitation, Atmos- 
phere, Groundwater quality, Herbicides, Inorganic 
fertilizers, Organic nitrogen, Pesticides, Water re- 
sources. 


Ireland has large water resources. Only 5.3% of 
waters are as yet developed, to supply some 650 
L/day/capita to the population of some 3.37 mil- 
lion people. State of development varies in each of 
the seven water resources regions. Precipitation is 
fairly evenly distributed over the year, but the 
percentage infiltrating to form groundwater varies 
quite sharply. In all, annual groundwater amounts 
to some 24.8 cu km, of which 50% is considered to 
be recoverable. Capital groundwater reserves must 
be large, but are unquantified. Under these condi- 
tions, the impact of agriculture on groundwater is 
negligible. Drainage operations however have ef- 
fects on Irish groundwater. Such lands may overlie 
impermeable strata or pans, or may receive con- 
cealed or visible groundwater discharge. Their 
drainage will affect the groundwater in various 
ways. There has been a significant impact of agri- 
culture on groundwater quality. The effects on the 
atmosphere and on precipitation are not identifia- 
ble. Practices which affect diffuse infiltration are: 
(i) application of ground limestone (lime); (ii) appli- 
cation of potassium/nitrogen/phosphorus inorgan- 
ic fertilizer; (iii) spreading of organic slurries; (iv) 
development of organic nitrogen in soils, mainly 
after plowing of grasslands; and (v) residues from 
herbicides, fungicides and pesticides. The infiltra- 
tion of these substances spread on the land is 
closely related to the interaction between times of 
groundwater recharge and times of fertilizer appli- 
cation. (See also W90-10388) (Author’s abstract) 
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PRIMARY PRODUCTION, CHLOROPHYLL, 
AND NUTRIENTS IN HORSESHOE LAKE, 
POINT MACKENZIE, ALASKA. 

Geological Survey, Anchorage, AK. 

For primary bibliographic entry see Field 2H. 
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IMPROVEMENT OF LAKE WATER QUALITY 
BY PAYING FARMERS TO ABATE NON- 
POINT SOURCE POLLUTION. 

Illinois Univ. at Urbana-Champaign. Dept. of Ag- 
ricultural Economics. 

For primary bibliographic entry see Field 5G. 
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RESERVOIR STORAGE REALLOCATION 
ANALYSIS WITH PC. 

For primary bibliographic entry see Field 4A. 
W90-09673 


CHANNEL ENGINEERING 
CONTROL. 

Eidgenoessische Technische Hochschule, Zurich 
(Switzerland). Versuchsanstalt fuer Wasserbau, 
Hydrologie und Glaziologie. 

For primary bibliographic entry see Field 4A. 
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EVALUATION OF RUNOFF AND EROSION 
FROM SURFACE-MINED AREAS, 

Agricultural Research Service, Fort Collins, CO. 
Hydro-Ecosystem Research Unit. 

For primary bibliographic entry see Field 4C. 
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EROSION CONTROL FOR PLACER MINING. 
Entrix, Inc., Anchorage, AK. 

L. A. Rundquist, and N. E. Bradley. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
oa Bethesda, Maryland. 1986. p 407-413, 3 fig, 
22 ref. 


Descriptors: *Cold regions, *Erosion control, 
*Grading, *Nonpoint pollution sources, *Placer 
mining, Diversion structures, Drainage control, 
Sediment transport, Sedimentation, Settling basins, 
Turbidity, Vegetation. 


Techniques for the control of nonpoint-source 
sediment pollution are reviewed for application to 
placer mines in northern environments. Erosion- 
control techniques are divided into three catego- 
ries: drainage control, site grading and stockpile 
protection and location. Drainage control serves 
two primary functions: (1) to exclude unpolluted 
water from the mine site; and (2) to direct water 
that has become polluted within the site through a 
treatment system prior to discharge to the receiv- 
ing water body. Drainage-control techniques in- 
clude stream channel diversions, bedrock drains, 
overland-flow diversion structures and settling- 
pond systems. Site grading serves to reduce the 
height, steepness or length of erodible slopes, 
thereby reducing the potential for erosion of the 
slope. Site grading should be conducted concur- 
rent with the mining operation to reduce erosion 
potential. Locating and protecting stockpiles to 
minimize contact with waterbodies also reduces 
nonpoint-source sediment pollution. Stockpiles of 
vegetation, organic overburden, fine grained inor- 
ganic overburden, oversized rocks and fines re- 
moved from settling ponds may be retained for use 
in site rehabilitation; stockpiles of these materials 
should be located away from erosive waterbodies 
or protected with erosion-resistant materials. (See 
also W90-10434) (Author’s abstract) 
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DETERMINATION OF IODINE IN OYSTER 
TISSUE BY ISOTOPE DILUTION LASER RES- 
ONANCE IONIZATION MASS SPECTROME- 
TRY. 


National Inst. of Standards and Technology 
(NML), Gaithersburg, MD. Center for Analytical 
Chemistry. 

For primary bibliographic entry see Field 7B. 
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NEW INDICATOR AND TEST PAPER FOR 
THE SEMI-QUANTITATIVE DETERMINA- 
TION OF CARBARYL IN TRACES IN WATER. 
Aligarh Muslim Univ. (India). Dept. of Applied 
Chemistry. 

H. S. Rathore, and S. K. Saxena. 

Analytical Letters ANALBP, Vol. 23, No. 1, p 93- 
118, January 1990. 8 tab, 13 ref. 


Descriptors: *Analytical techniques, *Carbamate 
pesticides, *Carbaryl, *Chemical analysis, *Chro- 
matography, *Indicators, *Pesticides, *Water anal- 
ysis, Color, Insecticides, Stream pollution. 


Carbaryl (Sevin) has been used world-wide more 
than all the remaining carbamate pesticides com- 
bined. Inexpensive methods are needed to detect 
the presence of carbamate insecticides in water. 
This study reports development of a chromatogra- 
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phic paper (test paper) impregnated with sodium 
hydroxide. When spotted with a carbaryl solution 
and dipped in 2,6-dichloroquinone-4-chloroimine 
(Gibbs reagent) in benzene, the test paper turns 
blue with a violet tinge. The intensity of the colors 
developed on the paper strip can be quantitated by 
densitometer. The color formation is based upon 
the hydrolysis of carbaryl to give 1-naphthol 
which reacts with 2,6-dichloroquinone-4-chloroi- 
mine to produce indophenol that turns blue with a 
violet tinge in alkaline medium. The test paper can 
be successfully used for the detection and semi- 
quantitative determination of carbaryl at ppm 
levels in water. Semiquantitative determination 
was made of carbaryl, 2,4-D ester, 2,4-D sodium 
salt, 1-naphthol, and phenol using test paper. The 
method can also be used below 1 ppm (or | ppb in 
water) by raising the number of cycles of precon- 
centration (extraction). (Author’s abstract) 
90-09590 


POLYCHLOROBIPHENYL (PCB) CON- 
GENERS IN STRIPED BASS (MORONE SAXA- 
TILIS) FROM MARINE AND ESTUARINE 
WATERS OF NEW YORK STATE DETER- 
MINED BY CAPILLARY GAS CHROMATOG- 
RAPHY. 

New York Medical Coll., NY. Dept. of Microbi- 
ology. 

B. Bush, R. W. Streeter, and R. J. Sloan. 

Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 49-61, 
January/February 1990. 8 fig, 3 tab, 41 ref. 


Descriptors: *Bass, *Bioaccumulation, *New 
York, *Pollutant identification, *Polychlorinated 
biphenyls, Aroclors, Data collections, Estuarine 
fisheries, Gas chromatography, Hudson River Es- 
tuary, Long Island, Marine pollution, Tissue analy- 
sis. 


Edible filets of striped-bass samples (60) from the 
Hudson River estuary, the Atlantic shore of Long 
Island, and Long Island Sound were analyzed by 
high-resolution glass-capillary gas chromatography 
for 74 polychlorobiphenyl (PCB) compounds. The 
fish, as a non-random subset of a larger sample, 
contained the following concentrations of total 
PCB residue (mean +/minus the standard error of 
the mean). The corresponding mean values for the 
entire survey (N = 717) are given in parentheses: 
eastern Long Island Sound 1.8 +/-0.4 (1.91 +/- 
0.1) mg/kg; western Long Island Sound 1.9 +/-0.2 
(2.51 +/-0.1) mg/kg; eastern Atlantic shore, 78.5 
+/-1.9 (3.04 +/-0.2) mg/kg; Hudson River, 15 
+/-3 (6.19 +/-0.4 mg/kg). All the samples con- 
tained PCB residues derived from Aroclors 1242, 
1016, 1254, and 1260 but none of the residue 
present came from Aroclor 1221 as evidenced by 
the complete absence of 4-chlorobipheny] from the 
fish. Fish from the Hudson River and the majority 
from the Atlantic shore of Long Island contained 
2,2’ and 2,6-dichlorobiphenyls indicating recent ex- 
posure to Hudson River PCBs. On this basis, there 
was evidence that a subpopulation of fish was not 
exposed to the Hudson River PCB source. The 
detailed PCB congener make-up of the typical 
residue found in these fish differs from that found 
in the majority of human foodstuff in that it con- 
tains a proportionately large amount of mono 
through tetra-chlorinated PCB. The mean concen- 
tration of the more toxicologically suspect con- 
geners which are not readily degraded by mam- 
mals and birds (those with two 4-substituents) com- 
prise less than 1 ppm in Long Island Sound fish. 
(Author’s abstract) 
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EVALUATION OF A 14-DAY STATIC RENEW- 
AL TOXICITY TEST WITH DAPHNIA MAGNA 
STRAUS. 

Dow Chemical U.S.A., Midland, MI. Health and 
Environmental Sciences. 

F. M. Gersich, and D. P. Milazzo. 

Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 72-76, 
January/February 1990. 3 tab, 14 ref. 


Descriptors: *Benzenes, *Bioassay, *Chronic tox- 
icity, *Daphnia, *Inorganic acids, *Phenols, *Test- 
ing procedures, *Toxicology, Boric acid, Data in- 


terpretation, Dyes, Lethal limit, Morbidity, Mor- 
tality, Population exposure, Toxicity. 


Two replicate 14-day static renewal chronic toxici- 
ty tests were conducted with Daphnia magna 
Straus for each of three test chemicals (boric acid, 
aniline, and 2,4-dichlorophenol).. These tests were 
conducted at 24 +/-2 C. The objective of this 
study was the comparison of 14-day test results 
with chronic values derived for the same chemicals 
from 21-day studies (20 C). It was hypothesized 
that comparison of chronic data resulting from the 
two test regimes would support shortening of the 
standard 21-day exposure period and reduce the 
cost of these labor intensive studies. The 14-day 
test met the 21-day chronic test acceptability crite- 
ria in terms of control data associated with the 
mean number of broods/adult, mean total young/ 
adult, mean brood size and survival. Comparison 
of the results showed the similarity of the chronic 
values generated from the 14 and 21-day tests. The 
maximum acceptable toxicant concentration 
(MATC) is defined as the toxic threshold concen- 
tration falling between the highest concentration 
showing no effect and the next highest concentra- 
tion showing a toxic effect when compared to 
controls. In all cases, the chemical specific chronic 
MATC values were within a factor of 2. The 
chronic MATC values for 2,4-dichlorophenol gen- 
erated from the two test regimes were virtually 
identical (i.e., 14-day = 1.1 and 1.2 mg/L; 21-day 
= 1.1 mg/L). Comparison of chronic values re- 
sulting from the 14 and 21-day tests supports the 
use of the 14-day exposure period. A shorter expo- 
sure period will help reduce the cost of these labor 
intensive studies without compromising their scien- 
tific integrity. (Author’s abstract) 
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MODIFIED AUTOANALYZER II METHOD 

FOR THE DETERMINATION OF NO3-N IN 

WATER USING A HOLLOW-CD REDUCTION 

COIL. 

Florida Univ., Gainesville. Inst. of Food and Agri- 

cultural Sciences. 

For primary bibliographic entry see Field 7B. 
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CHEMILUMINESCENCE SENSOR’ WITH 
URANINE IMMOBILIZED ON AN ANION-EX- 
CHANGE RESIN FOR MONITORING FREE 
CHLORINE IN TAP WATER. 

Tokyo Metropolitan Univ. (Japan). Dept. of Indus- 
trial Chemistry. 

For primary bibliographic entry see Field 5F. 
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FLOW-INJECTION DETERMINATION OF 
ORGANIC CONTAMINANTS IN WATER 
USING AN ULTRAVIOLET-MEDIATED TITA- 
NIUM DIOXIDE FILM REACTOR. 
Commonwealth Scientific and Industrial Research 
Organization, Lucas Heights (Australia). Lucas 
Heights Research Labs. 

G. K.-C. Low, and R. W. Matthews. 

Analytica Chimica Acta ACACAM, Vol. 231, No. 
1, p 13-20, April 1990. 10 fig, 19 ref. 


Descriptors: *Chemical analysis, *Pollutant identi- 
fication, *Water analysis, *Water treatment, Alco- 
hols, Algae, Formaldehyde, Organic compounds, 
Titanium dioxide. 


Previous work has demonstrated that many organ- 
ic compounds can be decomposed using aqueous 
suspensions of titanium dioxide illuminated with 
near-UV light or using the titanium dioxide as a 
stationary phase. In most instances, carbon dioxide 
and water are the main products. The degradation 
of the organic solutes is due to photocatalytic 
oxidation via a mechanism which is believed to 
involve positively charged holes formed on the 
surface of the excited titanium dioxide and ambient 
oxygen. A novel reactor for use in the flow-injec- 
tion determination of organic solutes was con- 
structed by first immobilizing a thin film of titani- 
um dioxide onto the inner surface of a length of 
Teflon tubing then wranning the treated tubing 
around a near-UV illuminating source. The reactor 
was installed after the injection port of the flow 
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system. Organic compounds injected in the flow- 
ing stream were oxidized photocatalytically to 
carbon dioxide, which was subsequently monitored 
by a conductivity detector. The technique was 
applied to alcohols, formaldehyde, ethylene oxide 
and single-cell algae. It was concluded that titani- 
um dioxide-coated Teflon tubing, illuminated with 
an appropriate UV source, can be employed as a 
universal solid reactor in flow-injection analysis 
(FIA) for the detection of organic solutes in aque- 
ous solutions. In the FIA system and low power 
reactor, in most cases only a fraction of the organic 
compound is oxidized and the magnitude of the 
response of a solute depends on its rate of photoca- 
talytic oxidation. The response can be increased by 
increasing any of several physical parameters of 
the reactor, such as its length, titanium dioxide 
loading and temperature. The detection limit is 10 
to the minus 9th power moles/L methanol (in 20 
micro liter). (Agostine-PTT) 
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EFFICACY OF BETA-GLUCURONIDASE 
ASSAY FOR IDENTIFICATION OF ESCHERI- 
CHIA COLI BY THE DEFINED-SUBSTRATE 
TECHNOLOGY. 

Environmental Protection Agency, Cincinnati, 
OH. Risk Reduction Engineering Lab. 

E. W. Rice, M. J. Allen, and S. C. Edberg. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1203-1205, May 1990. 
2 tab, 24 ref. 


Descriptors: *Bacterial analysis, *Drinking water, 
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rn technology, Enzymes, Fecal coli- 
orms. 


The association of beta-glucuronidase with the 
genus Escherichia (97% positive) suggests that a 
beta-glucuronidase assay would be a useful identifi- 
cation test. Reports about the sensitivity and speci- 
ficity of this enzyme for the identification of Es- 
cherichia coli from clinical sources, food, seawater, 
potable-water supplies, and various environmental 
sources have appeared. A study was undertaken to 
determine the efficacy and specificity of the de- 
fined-substrate technology beta-glucuronidase (Co- 
lilert) assay for the identification of this species 
from fecal samples. A total of 460 human, 105 cow, 
and 55 horse E. coli isolates were tested. Results 
showed 95.5% beta-glucuronidase-positive isolates 
in 24 h and 99.5% positive for 28 h of incubation. 
Only one E. coli isolate was negative. There were 
no significant differences in the percentage of beta- 
glucuronidase-positive isolates among the human 
or animal isolates. There were no non-E. coli iso- 
lates that were positive. All subjects carried beta- 
glucuronidase-positive E. coli. (Author’s abstract) 
W90-09628 


FLUORESCENT-ANTIBODY METHOD 
USEFUL FOR DETECTING VIABLE BUT 
NONCULTURABLE SALMONELLA SPP. IN 
CHLORINATED WASTEWATER. 

Rennes-1 Univ. (France). Lab. de Microbiologie 
Pharmaceutique. 
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LABILE METAL CONTENT OF SEDIMENTS: 
FRACTIONATION SCHEME BASED ON ION- 
EXCHANGE RESINS. 

Newcastle Univ. (Australia). Dept. of Chemistry. 
J. Slavek, P. Waller, and W. F. Pickering. 

Talanta TLNTA2, Vol. 37, No. 4, p 397-406, April 
1990. 1 fig, 6 tab, 13 ref. 
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The labile metal content of sediments can be evalu- 
ated by equilibrating sediment suspensions with 
ion-exchange resins. By use of a sequence of 
strong-acid and weak-acid cation-exchangers (H+ 
and Na+ form) and chelating resins, extraction 
can be performed at pH values ranging from 2 to 





10. The results allow the total metal content to be 
subdivided into seven categories designated as (1) 
low-pH labile, (2) weak-acid labile, (3) exchange- 
able and readily desorbed at sediment-suspension 
pH, (4) weak-base labile, (5) high-pH labile, (6) 
non-labile soluble forms and (7) detrital metal con- 
tent. The sediment suspensions are mixed over- 
night with the different types of exchanger (held in 
porous containers) and the portions transferred 
from the sediment are subsequently back-extracted 
from the resins into 0.05 EDTA (ethylene diamine 
tetraacetic acid, pH 7.5). The EDTA extracts are 
analyzed for Cu, Pb, Zn, Cd, Ca, Mg, Fe and Al. 
Analysis of the aqueous phase left in contact with 
the sediment residue gives the amount of non-labile 
species released. Eighteen sediments, containing 
various levels of metal contamination, and an efflu- 
ent dam sludge have been examined by this tech- 
nique. All the exchangers released Ca and Mg 
from the sediments, and the H+ form exchangers 
also released Fe and some Al. Some of the Fe, Al 
and to a lesser extent Zn released by the sediment/ 
exchanger interactions was present as non-labile 
‘soluble’ species. It has been asserted that the ion- 
exchange technique is more selective than direct 
reagent attack since it allows distinction between 
‘labile’ cations and non-labile species. However, 
ion-exchange fractionation can be more time-con- 
suming than direct chemical extraction and matrix 
attack can be greater than with salt solutions. 
(Agostine-PTT) 
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DEVELOPMENT OF AN AUTOMATED HIGH- 
PERFORMANCE LIQUID CHROMATOGRA- 
PHIC METHOD FOR THE ON-LINE PRE- 
CONCENTRATION AND DETERMINATION 
OF TRACE CONCENTRATIONS OF PESTI- 
CIDES IN DRINKING WATER. 

Brock Univ., St. Catharines (Ontario). Dept. of 
Chemistry. 

C. H. Marvin, I. D. Brindle, C. D. Hall, and M. 
Chiba. 

Journal of Chromatography JOCRAM, Vol. 503, 
- 1, p 167-176 March 9, 1990. 5 fig, 11 tab, 22 
ref. 
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identification, *Water treatment, Barban, Butylate, 
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Chromatography, Propham, Propoxur. 


An automated reversed-phase high performance 
liquid chromatographic (HPLC) method has been 
developed for the determination of trace concen- 
trations of propoxur, carbofuran, carbaryl, pro- 
pham, captan, chloropropham, barban and butylate 
in drinking water. A 100-ml of sample water is 
passed through a 3-cm precolumn packed with 5 
micrometer ODS sorbent, at a flow rate of 5 ml/ 
min. The HPLC system is then switched to an 
acetonitrile-water gradient elution program. The 
analytes, which are concentrated on the preco- 
lumn, are eluted and separated on a 25-cm C(8) 
analytical column and determined by measuring 
the UV absorption at 220 nm. The resolution of 
analytes is excellent regardless of whether the elu- 
tion from the precolumn is done unidirectionally 
or with backflushing. The precolumn can be used 
repeatedly for at least 30 samples without a signifi- 
cant decrease in efficiency. The total analytical 
time is 60 min. Tap, distilled, deionized, commer- 
cial spring and HPLC-grade waters were analyzed. 
The lowest detectable concentrations are in the 
range of 10 to 460 picograms/ml for the eight 
pesticides with 100 ml of sample. (Author’s ab- 
stract) 
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DETERMINATION OF CHLORPYRIFOS IN 
WATER BY LARGE-VOLUME DIRECT AQUE- 
OUS INJECTION CAPILLARY GAS CHROMA- 
TOGRAPHY. 

Dow Chemical Co., Midland, MI. Analytical Labs. 
B. B. Gerhart, and H. J. Cortes. 

Journal of Chromatography JOCRAM, Vol. 503, 
No. 2, p 377-383, March 23, 1990. 3 fig, 1 tab, 15 
ref. 
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A gas chromatographic system is described for the 
analysis of chlorpyrifos by the direct injection of 
relatively large volumes of an aqueous sample with 
electron-capture detection. The analysis procedure 
reduces the number of off-line manipulation and 
concentration steps thereby providing simplicity 
and automation, and the possibility of higher 
sample throughput. An uncoated inlet of suitable 
length coupled to a thin-film methyl phenyl sili- 
cone capillary column was employed for the deter- 
mination of low parts-per-billion (ppb) levels of the 
pesticide in water. Samples were injected without 
prior clean-up steps by using a 10-port valve, and 
detection was performed by electron capture. The 
method yielded high accuracy, precision (4.8% 
with 95% confidence at 0.9 ppb), and suitable 
linearity range (0.9-18 ppb). Large-volume direct 
aqueous injection GC for the determination of 
chlorpyrifos in water shows advantages over exist- 
ing methodology by providing rapid and reliable 
analyses of environmental water samples. This 
method circumvents the extraction, filtration and 
centrifugation steps commonly used in the determi- 
nation of trace organic components in aqueous 
matrices. (Agostine-PTT) 
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APPLICATION OF TESTS AT POPULATION 
AND ECOSYSTEM LEVELS FOR THE ESTI- 
MATION OF TOXICITY OF SELECTED NON- 
IONIC DETERGENTS. 
Wyzsza Szkola_ Inzynierska, 
(Poland). 
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ENTEROMORPHA AS A MONITOR OF 
HEAVY METALS IN ESTUARIES. 

Northern Environmental Consultants Ltd., Consett 
(England). 

P. J. Say, I. G. Burrows, and B. A. Whitton. 
Hydrobiologia HYDRB8, Vol. 195, p 119-126, 
April 30, 1990. 4 fig, 1 tab, 12 ref. Dept. of the 
Environment Contract PECD7/7/89. 
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Key problems confronting water management 
bodies with industrialized estuaries are how to 
establish the sources of heavy metal contamination 
and how to monitor them. The green alga Entero- 
morpha was used to monitor zinc, cadmium, mer- 
cury and lead pollution in six estuaries and the 
British North Sea coast. Samples were collected 
from six estuaries that feed the North Sea and 
analyzed for the metals. The ranges for each ele- 
ment were: Zn, 19-437 microg/g; Cd, 0.07-4.84 
microg/g; Hg, 0.02-0.23 microg/g; and Pb, 6-332 
microg/g. Water management bodies responsible 
for the estuaries sampled have indicated that the 
Enteromorpha survey confirms results from more 
complex studies of water, sediments and multiple 
bioindicators. It will, however, require detailed 
studies to establish the extent to which the steady 
decreases in Hg and Pb reported here for some 
estuaries reflect the influence of other physical and 
chemical variables on accumulation. The practical 
value of the method could be increased markedly if 
a critical comparison of the various possible meth- 
ods was made by collecting data on water, sedi- 
ments, Enteromorpha, other algae and an animal 
(such as Mytilus) simultaneously. It would then be 
possible to make the interpretation of data from 
Enteromorpha more quantitative, with statistical 
limits for any one sample. (White-Reimer-PTT) 
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AUTOMATED DETERMINATION OF NI- 
TRATE IN WATER. 
Hydrological Research Inst., 
Africa). 

J. J. Pauer, H. R. van Vliet, and J. F. van Staden. 
Water SA WASADYV, Vol. 16, No. 2, p 105-108, 
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April 1990. 3 fig, 4 tab, 13 ref. 


Descriptors: *Chemical analysis, *Nitrates, *Pol- 
lutant identification, *Water analysis, Automation, 
Cadmium reductors, Colorimetry, Laboratory 
methods, Performance evaluation. 


An automated method for the determination of 
nitrate at low concentrations in water was devel- 
oped. Nitrate was reduced to nitrite using an on- 
line cadmium reductor followed by the colorimet- 
ric determination of nitrite (Shinn method). The 
reductor consisted of a copperized cadmium 
column with a small inner diameter, which limits 
sample dispersion. Two variations of the method 
were evaluated (with initial color reagent and with 
a 1:7 dilution of the color reagent) and both had 
good accuracy and precision. At a sampling fre- 
quency of 100/hr, the carry-over was better than 
1%. (Author’s abstract) 

W90-09755 


EFFECT OF STORAGE AND SULPHURIC 
ACID ADDITION ON ANALYTICAL RESULTS 
OF NITROGEN AND PHOSPHORUS IN 
WATER SAMPLES CONTAINING ERODED 
MATERIAL, 

Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

E. Turtola. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 109-112, 
1989. 4 tab, 8 ref. 


Descriptors: *Chemical analysis, *Nitrogen, 
*Phosphorus, *Sample preservation, *Sampling, 
*Sulfuric acid, *Water analysis, Acidification, 
Chemical reactions, Filtration, Nitrates, Storage 
requirements. 


During a long sample storage period, microbiologi- 
cal and chemical reactions can remarkably influ- 
ence the concentrations of nitrogen and phospho- 
rus in water. Drainage and surface water samples 
containing eroded material were analyzed for total 
nitrogen, nitrate nitrogen, ammonium nitrogen, 
total phosphorus, and soluble phosphate phospho- 
rus contents. Effects of storage were examined by 
analyzing the water samples immediately after 
sampling and after storing them for two to twelve 
weeks at 4 C. The influence of sulfuric acid addi- 
tion and filtering immediately after sampling were 
also studied. The analytical results for total nitro- 
gen and ammonium nitrogen changed most during 
storage. Total phosphorus and soluble phosphate 
phosphorus results changed insignificantly in two 
weeks, and the addition of acid could not maintain 
original concentrations any better. The results 
show that in the case of phosphate filtering before 
acid addition is necessary. The smallest changes in 
phosphate concentrations during storage were ob- 
served, however, in samples without any pretreat- 
ment. (Author’s abstract) 

W90-09763 


BLEIDNER VAPOUR PHASE EXTRACTION 
TECHNIQUE FOR THE DETERMINATION OF 
ORGANOCHLORINE COMPOUNDS IN LAKE 
SEDIMENTS. 

Biologische Bundesanstalt fuer Land- und 
Forstwirtschaft, Berlin (Germany, F.R.). Abt. fuer 
Oekologische Chemie. 

For primary bibliographic entry see Field 7B. 
W90-09774 


SUBSURFACE MIGRATION OF HAZARDOUS 
WASTES. 


University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5B. 
W90-09836 


COMPOSITION OF HAZARDOUS WASTES. 
University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

J. S. Devinny. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 15-39. 
2 fig, 7 tab, 9 ref. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5A—Identification Of Pollutants 


Descriptors: *Chemical properties, *Contamina- 
tion, *Fate of pollutants, *“Groundwater move- 
ment, *Hazardous wastes, *Microbial degradation, 
*Path of pollutants, *Soil porosity, *Soil proper- 
ties, *Soil water pollution, Chromatography, Dis- 
persion, Gravity, Leachates, Microorganisms, 
Spectrophotometry. 


The composition of hazardous waste is important 
in understanding its fates and effects. Among the 
most obvious characteristics of matter is its physi- 
cal phase. Solids have the unique characteristic 
that only their surfaces will participate in chemical 
reactions or support microbiological growth. Sur- 
face irregularity, porosity, and substance absorp- 
tion may, however, affect the solid characteristics. 
The movement of liquids is the most common kind 
of subsurface migration of hazardous wastes. 
Movement occurs in response to several forces. 
Gravity will cause liquids to move downwards. 
Water will move from wet soil to dry in response 
to the matric potential. Contaminants will also 
move by transverse dispersion in a direction per- 
pendicular to the average direction of water flow. 
Water vapor also moves in the pores of soil and 
waste, often driven by temperature differences. A 
mass of organic matter undergoing microbial de- 
composition will warm significantly. The elemen- 
tal composition of wastes may be affected by fac- 
tors such as speciation, ionic state, compound for- 
mation, complex formation, etc. Analysis of haz- 
ardous wastes may include analysis of trace metals 
through atomic absorption spectrometry, and anal- 
ysis of organic contaminants by vapor phase analy- 
sis, liquid or gas chromatography, or mass spec- 
trometry. Gross parameters analyzed may include 
pH, alkalinity, acidity, redox potential or oxygen 
demand, and extractability. Some wastes are haz- 
ardous because of the microorganisms they con- 
tain. Sewage can be a serious threat to public 
health. Federal law considers wastes hazardous if 
they are ignitable, corrosive, reactive, toxic, or 
radioactive. Ultimately, the concern for subsurface 
migration of hazardous wastes is not for the com- 
position of the waste but for the composition of the 
leachate or contaminated soils and groundwater 
which result. (See also W90-09836) (Brunone- 


W90-09838 


GROUNDWATER MONITORING. 

Stollar (R.L.) and Associates, Santa Ana, CA. 
For primary bibliographic entry see Field 7A. 
W90-09842 


SOIL CORE MONITORING. 

Metcalf and Eddy, Inc., Santa Barbara, CA. 

L. G. Everett. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 267- 
305. 21 fig, 3 tab, 73 ref. 


Descriptors: *Core sampling, *Coring, *Ground- 
water pollution, *Hazardous wastes, *Monitoring, 
*Samplers, *Sampling, *Soil water, Chemical anal- 
ysis, Drilling equipment, Groundwater movement. 


The surface soil zone is generally recognized as the 
region that manifests the effects of weathering of 
geological material. The movement of water in the 
soil zone occurs mainly as unsaturated flow caused 
by infiltration, percolation, redistribution, and 
evaporation. Soil sampling devices and systems for 
unsaturated zone sampling are divided into two 
groups: those samplers used in conjunction with 
multipurpose or auger drill rigs, and those samplers 
used in conjunction with hand-operated drilling 
rigs. Important criteria to consider when selecting 
soil-sampling tools for soil monitoring include: (1) 
the capability to obtain an encased core sample, an 
uncased core sample, a depth-specific representa- 
tive sample, or just a sample according to the 
requirements of the chemical analyses; (2) suitabil- 
ity for sampling various soil types; (3) suitability 
for sampling soils under various moisture condi- 
tions; (4) accessibility to the sampling site and 
general site trafficability; (5) sample size require- 
ments; and (6) personnel requirements and avail- 
ability. The most reliable methods of soil sampling 
are those that completely isolate one sample from 
the next, to avoid contamination. (See also W90- 
09836) (Brunone-PTT) 


W90-09843 


SOIL PORE-LIQUID MONITORING. 

Metcalf and Eddy, Inc., Santa Barbara, CA. 

L. G. Everett. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 306- 
336. 17 fig, 35 ref. 


Descriptors: *Hazardous wastes, *Interstitial 
water, *Lysimeters, *Monitoring, *Pollutant iden- 
tification, *Samplers, *Soil porosity, *Soil water, 
Climatic changes, Hydraulic conductivity, 
Wastewater facilities. 


The sampling of soil pore-liquid has received in- 
creasing attention as concern over the migration of 
pollutants in soil has increased. Different soils are 
capable of yielding different levels of water. Suc- 
tion-cup lysimeters are used to sample pore-liquids 
in unsaturated media because pore-liquid will not 
readily enter an open cavity at pressures less than 
atmospheric. Although a number of techniques are 
available for indirectly monitoring the movement 
of pollutants beneath waste disposal facilities, soil 
core sampling and suction-cup lysimeters remain 
the principal methods for directly sampling pore- 
liquids in unsaturated media. Three types of suc- 
tion-cup lysimeters are ceramic-type samplers, 
hollow fiber samplers, and membrane filter sam- 
plers. Suction cups may be subdivided into vacuum 
Operated water samplers, vacuum-pressure sam- 
plers, and vacuum-pressure samplers with check 
valves. The presence of macropore or fracture 
flow in highly structured soils should be deter- 
mined, because of the potential for contamination 
of groundwater. The pan lysimeter, which is a free 
drainage type lysimeter, is suited for sampling ma- 
cropore or fracture flow. Successful operation of 
pore-liquid samplers may be restricted by hydrau- 
lic factors, soil physical factors, cup-wastewater 
interactions, and/or climatic factors. (See also 
W90-09836) (Brunone-PTT) 

W90-09844 


CARBON ISOTOPE MASS TRANSFER AS EVI- 
DENCE FOR CONTAMINANT DILUTION. 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

For primary bibliographic entry see Field 5B. 
W90-09860 


UNCERTAINTIES IN GROUND WATER 
CHEMISTRY AND SAMPLING PROCEDURES. 
Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 

M. J. Barcelona. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 310-320. 2 fig, 4 tab, 51 ref. 


Descriptors: *Geochemistry, 
*Groundwater pollution, *Path of pollutants, 
*Sampling, *Water chemistry, Error analysis, 
Groundwater, Leaching, Oxidation, Sorption, Spa- 
tial distribution, Temporal distribution. 


*Geohydrology, 


The assessment of contaminated conditions in 
groundwater and evaluation of remedial actions 
call for a depth of understanding and substantial 
confidence in chemical data interpretation. The 
spatial and temporal resolution of groundwater 
chemistry investigations is limited due to the physi- 
cal constraints involved in the location and con- 
struction of wells in dynamic hydrogeochemical 
settings. Direct sources of error which can affect 
confidence in chemical data include degassing, due 
to depressurization during pumping or filtration, 
oxidation on contact with the atmosphere, stagna- 
tion within the well bore and interactions with 
well casing, pump or sealing materials. More subtle 
sources of uncertainty in chemical interpretations 
result from sorption and leaching interactions be- 
tween water samples and various materials. The 
direct sources of uncertainty can cause gross errors 
in interpretation though they can be controlled or 
quantified. The more subtle difficulties demand 
additional research and care in the development of 
groundwater sampling protocols. (See also W90- 
09846) (Author’s abstract) 


W90-09870 


USING CHEMICAL ANALYSES AND ASSESS- 
ING QUALITY IN AQUEOUS ENVIRONMEN- 
TAL MONITORING PROGRAMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

T. R. Wildeman, L. S. Laudon, R. L. Olsen, and R. 
W. Chappell. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 319-329. 6 tab, 16 ref. 


Descriptors: *Chemical analysis, *Groundwater 
pollution, ‘*Laboratory control, *Monitoring, 
*Networks, *Pollutant identification, *Quality con- 
trol, *Superfund, *Water analysis, Geochemistry, 
Model studies, Quantitative analysis, Sampling, 
Solute transport, Thermodynamics. 


The U. S. Environmental Protection Agency 
(EPA) has established an analytical program in- 
volving contract laboratories to analyze the thou- 
sands of environmental samples collected at Super- 
fund sites each year. Due to the possibility of 
litigation on many of these sites, the data generated 
must be of known quality and legally defensible. 
To accomplish this, a rigorous quality assurance 
and quality control program has been incorporated 
into the Contract Laboratory Program (CLP). 
However, the data user must independently evalu- 
ate the quality and usability of the data generated 
from the CLP. In some cases and for selected 
parameters, independent analyses outside of the 
CLP are appropriate. Inorganic routine analytical 
services include analyses for 23 metals plus cya- 
nide. A special analytical services request is re- 
quired for the analysis of major anions such as 
sulfate, chloride, and bicarbonate. These param- 
eters will be required in most thermodynamic- 
based aqueous models. (See also W90-09846) (Au- 
thor’s abstract) 
90-09871 


BIOINDICATORS OF MARINE POLLUTION 
(JAN 74 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-8666362. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
July 1989. 133p. 


Descriptors: *Bibliographies,  *Bioindicators, 
*Marine environment, *Pollutant identification, 
Algae, Aquatic plants, Bacteria, Benthic environ- 
ment, Corals, Crustaceans, Estuaries, Mollusks, 
Monitoring, Path of pollutants, Sea grasses, Water 
quality. 


This bibliography contains citations concerning the 
utilization of marine plants and animals as indica- 
tors of organic and inorganic pollutant distribution. 
Topics include descriptions of specific species and 
assemblages, regional and local monitoring studies, 
and analysis of the soft and hard parts of marine 
animals. Studies of algae, bivalves, corals, crusta- 
ceans, bacterial counts, and seagrasses in estuaries 
and benthic areas are included. (This updated bibli- 
ography contains 296 citations, 40 of which are 
new entries to the previous edition). (Author’s 
abstract) 

W90-10043 


SIMULTANEOUS DETERMINATION OF NI- 
TRATE AND NITRITE IN NATURAL WATER 
AND WASTE WATER FROM URANIUM 
MINES WITH DUAL-WAVELENGTH SPEC- 
TROPHOTOMETRIC METHOD (IN CHI- 
NESE). 

China Nuclear Information Centre, Beijing. 

W. Jin, Z. Yin, and M. Yao. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as DE88-705052. 
Price codes: AO3 in paper copy, AO1 in microfiche. 
13p. 7 fig, 11 tab, 11 ref. English summary. 


Descriptors: *Measuring instruments, *Mine 
wastes, *Nitrates, *Nitrites, *Pollutant identifica- 





tion, *Spectrophotometry, Chemical analysis, Lab- 
oratory methods, Performance evaluation, Water 
analysis. 


A new spectrophotometric method is described to 
determine nitrates and nitrites in natural water and 
wastewater from uranium mines. The measuring 
wavelength is 219 nm and the referential wave- 
length is 240 nm. In KH2PO2 buffer solution (pH 
7.0), the calibration curves are rectilinear in the 
range 0 to 4 ppm for NO(3-)-N and NO(2-)-N. The 
interference from some organic substances, such as 
amine, is eliminated by treating the samples with 
polydivinylbenzene porous bead-203. The method 
is simple and rapid. The coefficient of variation 
(n=7) < than 10% for 0.1-20 mg/L of NO(3-)-N 
and NO(2-)-N. The method has been applied suc- 
cessfully to the determination of 0.05-100 mg/L of 
NO(3-)-N and NO(2-)-N in water from uranium 
mines. (Author’s abstract) 

W90-10063 


STUDIES OF UV-SPECTROSCOPY OF LAS IN 
RELEVANT ENVIRONMENTAL MATRICES: 
FUNDAMENTALS AND _ LAS-DETERMINA- 
TION UNDER RELATIVELY PROBLEM-FREE 
CONDITIONS (STUDIEN ZUR UV-SPEKTROS- 
KOPIE VON LAS IN RELEVANTEN UMWELT- 
MATRICES: GRUNDLAGEN UND LAS-BES- 
TIMMUNG UNTER RELATIV PROBLEMLO- 
SEN BEDINGUNGEN). 

Bundesanstalt fuer Gewaesserkunde, 
(Germany, F.R.). 

H. Hellmann. 

Zeitschrift fuer Wasser - und Abwasser Forschung 
ZWABAQ, Vol. 23, No. 2, p 62-69, April 1990. 6 
fig, 5 tab, 6 ref. English summary. 


Koblenz 


Descriptors: *Alkylbenzene sulfonates, *Linear 
alkyl sulfonates, *Pollutant identification, *Surfac- 
tants, *Water analysis, Spectroscopy, Ultraviolet 
spectroscopy. 


Ultraviolet spectroscopy was excellently suited for 
determining linear alkylbenzene sulfonates (LAS), 
particularly in the form of first-degree and second- 
degree derivatives, in water samples and solid 
matter samples. By subdivision of the derivative 
spectra D1 and D2, the spectrometric content de- 
termination implies the safety of a fingerprint by 
analogy to the infrared spectra. At the same time, 
the higher-degree derivatives permitted disturb- 
ances to be eliminated form the sample matrix 
without making a cleanup necessary. Two exam- 
ples of application of the ultraviolet spectroscopic 
method were given: LAS determinations in waste 
lyes of washing machines and in sewage sludges. 
(Author’s abstract) 

W90-10208 


DEVELOPMENT AND EVALUATION OF AN 
ACID PRECIPITATION MONITOR FOR 
FRACTIONAL EVENT SAMPLING WITH CA- 
PABILITY FOR REAL-TIME PH, AND CON- 
DUCTIVITY MEASUREMENT. 

Northrop Services, Inc., Research Triangle Park, 
NC 


For primary bibliographic entry see Field 7B. 
W90-10209 


CHELATION ION CHROMATOGRAPHY AS A 
METHOD FOR TRACE ELEMENTAL ANALY- 
SIS IN COMPLEX ENVIRONMENTAL AND 
BIOLOGICAL SAMPLES. 

National Inst. of Standards and Technology 
(NML), Gaithersburg, MD. Center for Analytical 
Chemistry. 

A. Siriraks, and H. M. Kingston. 

Analytical Chemistry ANCHAM, Vol. 62, No. 11, 
p 1185-1193, June 1990. 9 fig, 7 tab, 35 ref. 


Descriptors: *Chemical analysis, *Ion exchange 
chromatography, *Pollutant identification, *Rare 
earth elements, *Separation techniques, *Trace 
metals, *Water analysis, Alkali metals, Alkaline 
earth metals, Analytical methods, Chelation, Labo- 
ratory methods. 


The development and evaluation of a new method 
for the determination of trace transition and rare- 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Identification Of Pollutants—Group 5A 


earth elements based on the combination of chela- 
tion and ion chromatography are described. The 
new method, chelation ion chromatography, uses a 
chelating column to concentrate and separate tran- 
sition and rare-earth elements form the common 
alkali and alkaline-earth metals, as well as other 
matrix components, prior to analysis by ion chro- 
matography. The sample fraction from the chelat- 
ing column contains only the concentrated analyte 
ions, thus eliminating interfering matrix compo- 
nents from complex matrices such as seawater and 
digested biological, botanical, and geological mate- 
rials. This combination of chelation and ion chro- 
matography provides a technique that makes possi- 
ble the determination of trace elements in complex 
matrices that have proven to be difficult or impos- 
sible to analyze by ion chromatography or conven- 
tional atomic spectroscopy techniques. (Author’s 
abstract) 

W90-10221 


APPLICATION OF THE SOS UMU-TEST IN 
DETECTION OF POLLUTION USING FISH 
LIVER S9 FRACTION. 

Institut Rudjer Boskovic, Rovinj (Yugoslavia). 
Centar za Istrazivanje Mora. 

N. Bihari, M. Vukimirovic, R. Batel, and R. K. 
Zahn. 

Comparative Biochemistry and Physiology (C) 
CBPCEE, Vol. 95, No. 1, p 15-18, 1990. 6 tab, 22 
ref. 


Descriptors: *Bioassay, *Genotoxicity, *Mutage- 
nicity, *Pollutant identification, *Polychlorinated 
biphenyls, *Polycyclic aromatic hydrocarbons, 
Animal metabolism, Fish physiology, Laboratory 
methods, Liver, Mullet, Mutagens, Salmonella. 


In order to develop fast assays for aquatic genotox- 
icity testing with relevance to fish, the potential of 
S9 liver fractions from fish with different pollution 
histories to activate some premutagens was stud- 
ied. The ability of Aroclor 1254 and beta-naphtho- 
flavone treated fish (mullet, Mugil auratus) and fish 
sampled in low and high polluted areas to convert 
premutagens to active intermediates in the SOS 
umu-test was investigated. The genotoxicity of 
aflatoxin b differed markedly upon activation with 
the S9 liver fractions from fish with different pollu- 
tion histories, with the greatest activation occur- 
ring in fish living near a fish cannery. 2-Amin- 
oanthracene and 2-aminofluorene were weakly ac- 
tivated to genotoxic products and the induction of 
umu gene expression could be detected only in the 
presence of S9 fractions from fish treated with 
beta-naphthoflavone and Aroclor 1254 in the labo- 
tatory. The ability of S9 fractions from fish living 
near a fish cannery to convert 2-aminoanthracene 
and 2-aminofluorene was not observed. (Hoskin- 


PTT) 
W90-10222 


IDENTIFICATION OF SAMPLES OF OIL RE- 
LATED TO TWO SPILLS. 

Bergen Univ. (Norway). Dept. of Chemistry. 

O. Grahl-Nielsen, and T. Lygre. 

Marine Pollution Bulletin MPNBAZ, Vol. 21, No. 
4, p 176-183, April 1990. 5 fig, 2 tab, 20 ref. 


Descriptors: *Chemical analysis, *Oil slicks, *Oil 
spills, *Pollutant identification, *Water analysis, 
Aliphatic hydrocarbons, Aquatic drift, England, 
Gas chromatography, Laboratory methods, Mass 
spectrometry, North Sea, Norway. 


Three samples of oil collected from an oil slick in 
the North Sea off the Norwegian coast, and one 
sample collected from the shore were all shown to 
come from the Claymore pipeline oil spill, which 
occurred in the British sector of the North Sea 26- 
28 November, 1986. Two other samples of oil from 
the Norwegian coast were shown to have a differ- 
ent source. A method based on separation of the 
aliphatic fraction of the oil followed by gas chro- 
matography with mass spectrometric detection of 
polycyclic alkanes of low volatility was used for 
identification. Of the polycyclic aliphatics, the pen- 
tacyclic triterpanes, as mass spectrometrically de- 
tected by the fragments m/z 191 and m/z 177, 
were found to be more suitable for the identifica- 
tion purpose than the steranes. This method was 
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also used in another oil spill case which showed 
that two samples of oil from the shore of a Norwe- 
gian fjord originated from a small industrial spill. 
(Author’s abstract) 

W90-10241 


QUANTITATIVE ANALYSIS OF VOLATILE 
ORGANIC COMPOUNDS IN LANDFILL LEA- 
CHATES. 

Kernforschungszentrum Karlsruhe G.m.b.H. (Ger- 
many, F.R.). Inst. fuer Heisse Chemie. 

C. Forst, L. Stieglitz, W. Roth, and S. 
Kuhnmunch. 

International Journal of Environmental Analytical 
Chemistry IJEAA3, Vol. 37, No. 3, p 287-293, 
1990. 4 fig, 2 tab, 5 ref. 


Descriptors: *Chemical analysis, *Landfills, *Lea- 
chates, *Pollutant identification, *Quantitative 
analysis, *Volatile organic compounds, *Water 
analysis, Gas chromatography, Hazardous wastes, 
Mass spectroscopy, Organic compounds, Sanitary 
landfills, Tetrachloroethylene, Trichloroethylene. 


Selective determination of chlorinated hydrocar- 
bons and alkylated benzenes in leachates of sani- 
tary landfills and hazardous waste landfills was 
performed using headspace analysis. Identification 
was achieved by headspace GC/MS analyses, 
quantitation by headspace GC, after spiking of the 
samples with all compounds in two concentrations 
(0.2 micrograms/250 micrograms). Within the haz- 
ardous waste landfills, the concentrations of chlor- 
inated hydrocarbons ranged from 10 to 20,000 ppb, 
with methylene chloride, trichlorethylene and te- 
trachloroethylene as main constituents. They were 
detected only singularly up to 14 ppb in the sani- 
tary landfill samples. Benzene and alkylated ben- 
zenes were found in concentrations of 10 to 13,000 
ppb in the leachates of the hazardous waste land- 
fills, and determined up to 500 ppb within the 
sanitary landfill leachates. Up to 80% of the ad- 
sorbable organic halogens (AOX) were determined 
using headspace GC within the hazardous waste 
landfills sample, while just 1-2% of the ZOX can 
be determined within samples from the sanitary 
landfills. (Lantz-PTT) 

W90-10272 


DETERMINATION OF TOTAL ORGANIC 
HALIDE IN WATER: A COMPARATIVE 
STUDY OF TWO INSTRUMENTS. 
Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

D. A. Reckhow, C. Hull, E. Lehan, J. M. Symons, 
and H. S. Kim. 

International Journal of Environmental Analytical 
Chemistry IJEAA3, Vol. 38, No. 1, p 1-7, 1990. 4 
tab, 15 ref. 


Descriptors: *Halogenated organic compounds, 
*Instrumentation, *Measuring instruments, *Pol- 
lutant identification, *Water analysis, Bromine, 
Chlorine, Comparison studies, Data acquisition, 
Halides, Organic compounds, Performance evalua- 
tion. 


Total organic halide (TOX) analyzers are com- 
monly used to measure the amount of dissolved 
halogenated organic byproducts in disinfected 
waters. Because of the lack of information on the 
identity of disinfection byproducts, rigorous testing 
of the dissolved organic halide (DOX) procedure 
for method bias is not always possible. Disinfection 
byproducts of aquatic fulvic acid were prepared 
using the following disinfectants: chlorine, bro- 
mine, and monochloramine. Analysis of these sam- 
ples indicates that the two commercial TOX ana- 
lyzers studied give similar results. Neutron activa- 
tion analysis suggests that organic chlorine recov- 
ery from the activated carbon adsorbent is com- 
plete, but with organic bromine recovery is incon- 
clusive. Additional tests indicate that one of the 
TOX analyzers is subject to significant interfer- 
ences from inorganic iodide. (Author’s abstract) 
W90-10274 


ANALYSIS OF POLYCHLORODIBENZO-P- 
DIOXINS IN RAW AND TREATED WATERS. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5A—lIdentification Of Pollutants 


PART 1: EVALUATION OF GRAB SAMPLE 
METHODOLOGY FOR PART-PER-QUADRIL- 
LION ANALYSIS. 

Carleton Univ., Ottawa (Ontario). Dept. of Chem- 
istry. 

B. R. Hollebone, C. Shewchuk, L. J. Brownlee, H. 
Tosine, and R. Clement. 

International Journal of Environmental Analytical 
Chemistry IJEAA3, Vol. 38, No. 1, p 9-20, 1990. 2 
fig, 2 tab, 12 ref. 


Descriptors: *Chemical analysis, *Dioxins, *Labo- 
ratory methods, *Pollutant identification, *Water 
analysis, Octachlorodioxin, Organic compounds, 
Performance evaluation, Polychlorodibenzodioxin. 


A liquid-liquid extraction and isolation procedure 
for the concentration of chlorinated dioxins from 
12L samples of treated and raw water was evaluat- 
ed. It was demonstrated that water samples could 
be stored for one week prior to extraction without 
significant loss of dioxins. Extraction and isolation 
procedures were evaluated at pg/L levels by the 
use of 13C labeled dioxin standards to determine 
recoveries. Polychlorodibenzo-p-dioxin (PCDD) 
recoveries were quantitative (65-120%) except for 
octachlorodioxin where lower recoveries (40-60%) 
were due to losses in both the Florisil and carbo- 
pack column isolation steps. It is recommended 
that the concentration of each dioxin congener in 
water samples be calculated relative to the percent 
recovery of its specific 13-C congener. (See also 
W90-10276) (Author’s abstract) 

W90-10275 


ANALYSIS OF POLYCHLORODIBENZO-P- 
DIOXINS IN RAW AND TREATED WATERS. 
PART 2: OPTIMIZATION OF AN XAD-2 
RESIN COLUMN METHODOLOGY. 

Health and Welfare Canada, Ottawa (Ontario). 

G. Lebel, D. T. Williams, B. R. Hollebone, C. 
Shewchuk, and L. J. Brownlee. 

International Journal of Environmental Analytical 
Chemistry IMEAA3, Vol. 38, No. 1, p 21-29, 1990. 
4 tab, 14 ref. 


Descriptors: *Chemical analysis, *Dioxins, *Labo- 
ratory methods, *Pollutant identification, *Resins, 
*Water analysis, Automation, Flow rates, Octach- 
lorodibenzodioxin, Performance evaluation, Po- 
lychlorodibenzodioxin. 


Several operating parameters were evaluated to 
assess the efficiency of an XAD-2 resin column for 
use in an automated sampling unit to be developed 
for the analysis of polychlorodibenzo-p-dioxins 
(PCDDs) in water. Direct standard addition of 
mass labeled congeners onto the column were used 
to evaluate the capacity of the resin for PCDDs. 
Ratios of resin volume and bed volume flow rates 
were systematically varied. Flow rates of 3 to 24 
bed volumes per minute were used without observ- 
able breakthrough. Column behavior was evaluat- 
ed using the continuous standard addition tech- 
nique to determine the optimum flow rate for 
minimal breakthrough, which was found to be 3 
bed volume/min. PCDD recoveries were quantita- 
tive (>75%) except for octachlorodibenzodioxin 
where lower recoveries (approximately 40%) were 
due to losses in the cleanup procedure and not to 
the sampling. Recoveries of the five congeners 
used in this study confirm that XAD-2 resin exhib- 
its an extracting capability of organic contaminants 
from water equal to that of liquid-liquid extraction 
and allows both a much larger sample size and 
easier sampling. (See also W90-10275) (Author’s 
abstract) 

W90-10276 


RESERVOIR WATER QUALITY SIMULATION 
IN COLD REGIONS. 

Harza Engineering Co., Chicago, IL. 

C. Y. Wei, and P. F. Hamblin. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
— Bethesda, Maryland. 1986. p 167-177, 9 fig, 
12 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Model studies, *Reservoirs, *Water quality, 


Alaska, Computer models, Devil Canyon Reser- 
voir, Eklutna Lake, Frazil ice, Ice, Reservoir oper- 
ation, Simulation analysis, Suspended sediments, 
Watana Reservoir, Water temperature. 


The requirements for environmental impact analy- 
sis associated with the license application of the 
proposed Susitna Hydroelectric Project have moti- 
vated a program of data collection, development 
and testing of a reservoir simulation model in two 
Alaskan basins. The model developed for simulat- 
ing the temperature and suspended sediment distri- 
butions and ice and snow cover in lakes and reser- 
voirs is based on the Dynamic Reservoir Simula- 
tion Model called DYRESM. The model was first 
applied to a known water body, Eklutna Lake, 
which had a number of properties in common with 
the proposed reservoirs. Comparisons of simula- 
tions with field observations are presented. Excel- 
lent results were obtained and the general applica- 
bility of the model to the proposed reservoirs in a 
subarctic region is demonstrated. The model was 
then applied to the proposed Watana and Devil 
Canyon reservoirs. The influence of water quality 
requirements for downstream temperatures and 
suspended sediments on the reservoir behavior is 
addressed. Finally, the model’s capability to simu- 
late operation of the proposed multi-level intake 
structures under different meteorological and 
project operating conditions is demonstrated. The 
effect of the operating conditions on two water 
quality parameters: temperature and suspended 
sediment concentrations, provides information re- 
quired to evaluate the influence of the project 
operations on fishery resources. The predicted ice- 
cover thickness served as input to terrestrial wild- 
life management planning. A number of novel as- 
pects of the modeling of the behavior of northern 
lakes and reservoirs have been found in the study; 
namely the insensitivity of the lake-wide budget to 
river-borne fragil ice, the possibility of controlling 
the date of freeze-up in reservoirs by altering the 
fall heat storage, the need for improved estimation 
procedures for incoming long-wave radiation, the 
requirement for the accurate specification of heat 
transfer between water and ice and the require- 
ments for highly resolved measurements of sus- 
pended sediment loading in time. (See also W90- 
10434) (Lantz-PTT) 

W90-10453 


5B. Sources Of Pollution 


LATERAL MOVEMENT OF CONTAMINATED 
GROUND WATER FROM MERRILL FIELD 
LANDFILL, ANCHORAGE, ALASKA. 
Geological Survey, Anchorage, AK. Water Re- 
sources Div. 

J. O. Brunett. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-624, 1990. 20p, 10 fig, 6 tab, 
14 ref. 


Descriptors: *Alaska, *Glacial deposits, *Ground- 
water pollution, *Landfills, *Path of pollutants, 
Anchorage, Leachates, Pollutants, Unconfined 
aquifers. 


A sanitary landfill used in Anchorage, Alaska, 
since the 1940’s was closed in 1987. Leachate from 
the landfill does not appear to be contaminating a 
smail creek flowing through a conduit in the land- 
fill, but leachate is being transported by ground- 
water into a wetlands to the south. An electromag- 
netic survey of the unconfined aquifer and subse- 
quent sampling from wells indicate that minor 
amounts of contaminants have reached much of 
the wetlands as far as Chester Creek, about 2,200 ft 
to the south. However, concentrations of these 
contaminants in the groundwater are generally less 
than U.S. Environmental Protection Agency 
standards for drinking water except within the 
landfill itself. (USGS) 

W90-09514 


MANAGING GROUNDWATER POLLUTION 
FROM AGRICULTURE RELATED SOURCES: 
AN ECONOMIC ANALYSIS. 

Oregon State Univ., Corvallis. Dept. of Agricul- 


tural and Resource Economics. 
For primary bibliographic entry see Field 6B. 
W90-09516 


POTENTIAL FOR SALTWATER INTRUSION 
INTO THE UPPER FLORIDAN AQUIFER, 
HERNANDO AND MANATEE COUNTIES, 
FLORIDA. 

Geological Survey, Tampa, FL. Water Resources 
Div. 

G. L. Mahon. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 88-4171, 
1989. 58p, 23 fig, 3 tab, 51 ref. USGS Project FL- 
456. 


Descriptors: *Coastal aquifers, *Florida, *Saline 
water intrusion, *Saline-freshwater interfaces, Ari- 
peka, Groundwater movement, Hernando County, 
Manatee County, Rubonia, Solute transport, Tran- 
sition zone, Upper Floridan Aquifer. 


Pumpage from the Upper Floridan aquifer has 
caused a lowering of the potentiometric surface 
and has increased potential for saltwater intrusion 
into the aquifer in coastal areas of west-central 
Florida. Groundwater withdrawals are likely to 
increase because of expected population growth, 
especially in coastal areas. To increase the under- 
standing of the potential and mechanics of salt- 
water intrusion, two sites were selected for study. 
Data were collected at each site from a centrally 
located deep well, and digital models were devel- 
oped to simulate groundwater flow and solute 
transport. The northern site is in Hernando County 
near the town of Aripeka. The test well in the area 
was drilled about 1 mile from the coast to a depth 
of 820 ft. Freshwater was present in the carbonate 
rock aquifer to a depth of about 500 ft and salt- 
water occurred from 560 ft to the base of the 
aquifer at about 750 ft. Between the freshwater and 
saltwater is the zone of transition, also referred to 
as the freshwater-saltwater interface. The southern 
site is in Manatee County near the town of Ru- 
bonia. Drilling of the test well was completed at 
1,260 ft, just below the base of the Upper Floridan 
aquifer. The transition zone in this well occurs 
between 875 and 975 ft within a highly permeable 
zone. Digital simulations show flow patterns simi- 
lar to the cyclic flow of seawater and interface 
theory. Simulations have shown that saltwater 
contamination of coastal wells would not be no- 
ticed as quickly as water-level declines resulting 
from inland pumpage. (USGS) 

W90-09528 


RECONNAISSANCE INVESTIGATION OF 
WATER QUALITY, BOTTOM SEDIMENT, 
AND BIOTA ASSOCIATED WITH IRRIGA- 
TION DRAINAGE IN THE SALTON SEA 
AREA, CALIFORNIA, 1986-87. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

J. G. Setmire, J. C. Wolfe, and R. K. Stroud. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4102, 
1990. 68p, 19 fig, 16 tab, 55 ref. 


Descriptors: *Agricultural runoff, *California, 
*Imperial Valley, Coachella Valley, *Nonpoint 
pollution sources, *Pesticide residues, *Selenium, 
*Trace elements, *Water quality, Environmental 
protection, Wildlife habit, Salton Sea, Soil chemis- 
try. 


Water, bottom sediment, and biota were sampled 
during 1986 and 1987 in the Salton Sea area to 
determine concentrations of trace elements and 
pesticides as part of the Department of Interior 
Irrigation Drainage Program. The sampling sites 
(12 water, 15 bottom sediment, and 5 biota) were 
located in the Coachella and Imperial Valleys. The 
focus of sampling was to determine the current or 
potential threat to the wildlife of the Salton Na- 
tional Wildlife Refuge from irrigation projects 
sponsored or operated by the Department of the 
Interior. Results of the investigation indicate that 
selenium is the major element of concern. Elevated 





concentrations of selenium in water were restricted 
to tile-drain effluent. The maximum selenium con- 
centration of 300 microg/L was detected in a tile- 
drain sample, and the minimum concentration of 1 
microg/L was detected in a composite sample of 
Salton Sea water. The median selenium concentra- 
tion was 19 microg/L. In contrast to the water, the 
highest bottom-sediment selenium concentration of 
3.3 mg/kg was in a composite sample from the 
Salton Sea. The selenium detected in samples of 
waterfowl and fish also are of concern, but, to 
date, no studies have been done in the Salton Sea 
area to determine if selenium has caused adverse 
biological effects. Concentrations of boron and 
manganese were elevated in tile-drain samples 
throughout the Imperial Valley. Boron concentra- 
tions in migratory waterfowl were at levels that 
could cause reproduction impairment. Elevated 
concentrations of chromium, nickel, and zinc were 
detected in the Whitewater River, but they were 
not associated with irrigation drainage. Organoch- 
lorine pesticide residues were detected in bottom 
sediment throughout the study area at levels ap- 
proaching those measured more than 10 years ago. 
More detailed studies would be needed to deter- 
mine if these residues are affecting the waterfowl. 
(USGS) 

W90-09529 


RECONNAISSANCE INVESTIGATION OF 
WATER QUALITY, BOTTOM SEDIMENT, 
AND BIOTA ASSOCIATED WITH IRRIGA- 
TION DRAINAGE IN AND NEAR STILLWA- 
TER WILDLIFE MANAGEMENT AREA, 
CHURCHILL COUNTY, NEVADA, 1886-87. 
Geological Survey, Carson City, NV. Water Re- 
sources Div. 

R. J. Hoffman, R. J. Hallock, T. J. Rowe, M. S. 
Lico, and H. L. Burge. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4105, 
1990. 150p, 32 fig, 19 tab, 1 pl, 88 ref. 


Descriptors: *Nevada, *Return flow, *Selenium, 
*Water pollution sources, *Water quality, *Wet- 
lands, Aquatic plants, Churchill County, Contami- 
nants, Fishkill, Marshes, Organophosphorus, Pacif- 
ic Flyway, Pesticides, Subsurface flow, Toxicity, 
Trace elements, Waterfowl, Wildlife. 


A reconnaissance was initiated in 1986 to deter- 
mine whether the quality of irrigation-drainage 
water in and near the Stillwater Wildlife Manage- 
ment Area, Nevada, has caused or has potential to 
cause harmful effects on human health, fish, wild- 
life, or other beneficial uses of water. Samples of 
surface and groundwater, bottom sediment, and 
biota were collected from sites upstream and 
downstream from the Fallon agricultural area in 
the Carson Desert, and analyzed for potentially 
toxic trace elements. Other analysis included radio- 
active substances, major dissolved constituents, 
and nutrients in water, and pesticide residues in 
bottom sediment and biota. In areas affected by 
irrigation drainage, the following constituents were 
found to commonly exceed baseline concentrations 
or recommended criteria for protection of aquatic 
life or propagation of wildlife: In water, arsenic, 
boron, dissolved solids, molybdenum, sodium, and 
un-ionized ammonia; in bottom sediments, arsenic, 
lithium, mercury, molybdenum, and selenium; and 
in biota, arsenic, boron, chromium, copper, mercu- 
ry, selenium, and zinc. In some wetlands, selenium 
and mercury appeared to be biomagnified, and 
arsenic bioaccumulated. Pesticides contamination 
in bottom sediments and biota was insignificant. 
Adverse biological effects observed during this 
reconnaissance included gradual vegetative 
changes and species loss, fish die-offs, waterfowl 
disease epidemics, and persistent and unexplained 
deaths of migratory birds. (USGS) 

W90-09530 


SELECTED GROUND-WATER QUALITY 
DATA FOR THE SOUTHERN PART OF THE 
FORT HALL INDIAN RESERVATION, 
SOUTHEASTERN IDAHO, JULY 1989. 

Geological Survey, Boise, ID. Water Resources 


Div. 
H. W. Young, and D. J. Parliman. 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-593, 1989. 1 (map) sheet, 3 
fig, 2 tab. 


Descriptors: *Drinking water, *Groundwater pol- 
lution, *Idaho, *Nitrogen compounds, *Water 
quality, Fort Hall Indian Reservation, Groundwat- 
er level, Nitrates. 


Concentrations of nitrogen compounds were ana- 
lyzed in groundwater in the southern part of the 
Fort Hall Indian Reservation, Idaho. The study 
area included that part of the reservation southeast 
of American Falls Reservoir and north of the Owl 
Canal. The scope of the study was limited to 
inventorying 56 wells and making onsite determi- 
nations of depth to water, specific conductance, 
pH, water temperature, and concentrations of total 
alkalinity, dissolved chloride, and dissolved nitrite 
plus nitrate as nitrogen. When onsite nitrite plus 
nitrate concentrations exceeded about 4 mg/L ni- 
trogen, groundwater samples were collected for 
nitrite plus nitrate as nitrogen ammonia, and am- 
monia plus organic nitrogen as nitrogen analyes at 
the U.S. Geological Survey National Water Qual- 
ity Laboratory. Selected well-inventory and water- 
quality data for the 56 groundwater samples col- 
lected in July 1989, and a statistical summary of 
selected water quality data are also presented. 


SELECTED GROUND-WATER QUALITY 
DATA FOR THE AREA NEAR FORT HALL, 
FORT HALL _ INDIAN _ RESERVATION, 
SOUTHEASTERN IDAHO, JUNE 1989, 
_— Survey, Boise, ID. Water Resources 
iv. 
D. J. Parliman, and H. W. Young. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-594, 1 (map) sheet, 3 fig, 2 
tab. 


Descriptors: *Drinking water, *Groundwater pol- 
lution, *Idaho, *Nitrogen compounds, *Water 
quality, Fort Hall Indian Reservation, Groundwat- 
er level, Nitrates. 


The areal extent of anomalously high dissolved 
nitrogen concentrations in groundwater near Fort 
Hall on the Fort Hall Indian Reservation, Idaho is 
shown on a map. The study area includes that part 
of the reservation west of the Fort Hall Main 
Canal in townships 3, 4, and 5 south, ranges 34 and 
35 east. Onsite determinations of specific conduct- 
ance, pH, water temperature, and concentrations 
of total alkalinity, dissolved chloride, and dissolved 
nitrite plus nitrate as nitrogen were made at 71 sites 
during June 1989. When onsite nitrite plus nitrate 
concentrations exceeded about 6 mg/L nitrogen, 
groundwater samples were collected for nitrite 
plus nitrate as nitrogen ammonia, and ammonia 
plus organic nitrogen as nitrogen analyses at the 
U.S. Geological Survey National Water Quality 
Laboratory. Selected well-inventory and water 
quality data and a statistical summary of selected 
water quality data are also presented. (USGS) 
W90-09538 


HYDROLOGIC ACTIVITIES OF THE U.S. GE- 
OLOGICAL SURVEY IN SUPPORT OF THE 
RADIONUCLIDE MIGRATION PROGRAM, 
NEVADA TEST SITE AND VICINITY, NYE 
COUNTY, NEVADA, FISCAL YEAR 1987. 
Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09539 


COMPARISON OF AGRICULTURAL NON- 
POINT SOURCE RUNOFF FROM NO-TILL 
AND CONVENTIONAL TILL VEGETABLE 
CROP TEST PLOTS. 

South Carolina Univ., Columbia. Dept. of Civil 
Engineering. 

E. C. McCall, G. I. Scott, and J. M. Hurley. 
Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-173741/ 
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AS. Price codes: A04 in paper copy, AO1 in micro- 
fiche. Water Resources Research Institute, South 
Carolina, Clemson, Publication No. 126, March 
1988. Sip, 10 fig, 5 tab, 45 ref. USGS Contract 14- 
08-0001-Gi251 and USGS Project G1251-07. 


Descriptors: *Agricultural runoff, *Fate of pollut- 
ants, *Pesticides, *Rainfall-runoff relationships, 
*Vegetable crops, Agricultural chemicals, Agricul- 
tural hydrology, Coastal plains, Cultivation, Farm- 
ing, Insecticides, Rainfall simulators, Runoff, 
Runoff plot, Small watersheds, South Carolina, 
Storm runoff, Surface runoff, Tillage, Tomatoes, 
Water pollution sources. 


Vegetable farming is an important industry in the 
coastal areas of South Carolina. The coastal estu- 
ary waters also serve as a nursery ground for 
numerous species of fish and shellfish. In recent 
years there have been several fish kills in estuarine 
tidal creeks that were adjacent to vegetable fields. 
The increased usage of a no-till farming method, 
employing a black plastic mulch was though to 
possibly exacerbate the potential for pesticide 
runoff. This study compared the pesticide lost 
from this no-till, black plastic mulch tillage method 
versus conventional tillage. Losses of the insecti- 
cides endosulfan and fenvalerate from small coastal 
plots were measured. The plots were 3 x 10 m each 
with 2% slope and planted with young tomato 
plants. Simulated rainfall was provided by an irri- 
gation system. Storm events of 1 cm/hr for one 
hour duration were simulated 24 hours after pesti- 
cide application. Runoff samples were collected at 
the edge of the plots at regular intervals during 
each simulated rainfall event. The plastic mulch 
plot produced a greater volume of runoff as ex- 
pected, but the mass of endosulfan lost was essen- 
tially the same as for conventional tillage, less than 
0.4% of the mass applied. Although the total mass 
lost was not large, the average endosulfan concen- 
trations were relatively high from an acute toxicity 
rating for aquatic life. For fenvalerate, the mass 
losses were not more than 0.4% of the mass ap- 
plied. The plastic mulch tillage method then, al- 
though it causes a greater volume of water runoff 
from the plot, does not significantly increase the 
mass or concentration of endosulfan or fenvalerate 
lost from the field. This is apparently due to ad- 
sorption of the insecticide onto the plastic mulch 
cover. The greater runoff volume from the plastic 
mulch may enable this edge of field pesticide loss 
to actually reach and enter the estuary waters. 
(McCall-SCU-WRRI) 

W90-09550 


IN SITU BIORECLAMATION OF CONTAMI- 
NATED GROUNDWATER. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5G. 
W90-09557 


HEXACHLOROBENZENE UPTAKE BY FAT- 
HEAD MINNOWS AND MACROINVERTE- 
BRATES IN RECIRCULATING SEDIMENT/ 
WATER SYSTEMS. 

Corvallis Environmental Research Lab., OR. 

G. S. Schuytema, D. F. Krawczyk, W. L. Griffis, 
A. V. Nebeker, and M. L. Robideaux. 

Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 1-9, Janu- 
ary/February 1990. 2 fig, 5 tab, 34 ref. 


Descriptors: *Amphipods, *Bioaccumulation, 
*Chlorinated hydrocarbons, *Hexachlorobenzene, 
*Macroinvertebrates, *Minnow, *Oligochaetes, 
*Path of pollutants, Animal tissues, Bioassay, Sedi- 
ment contamination, Tissue analysis. 


Contaminated sediments can be a persistent source 
of nonpolar chlorinated hydrocarbons for aquatic 
biota for extended periods. The importance of the 
predominant exposure route to the biota, whether 
sediment bed, suspended sediment, pore water or 
overlying water is of concern. Fathead minnows 
(Pimephales promelas), the worm, Lumbriculus 
variegatus, and the amphipods Hyalella azteca and 
Gammarus lacustris were exposed to hexachloro- 
benzene (HCB) in water with and without a bed of 
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Group 5B—Sources Of Pollution 


HCB-spiked sediment. Water HCB concentrations 
were maintained by recirculation through HCB- 
packed columns. Recirculating HCB-bound partic- 
ulates and possibly eroded HCB particulates were 
an added source of HCB in addition to the sedi- 
ment bed. Significant bioaccumulation of HCB in 
animal tissues was observed in water-only and 
water-sediment exposures. The presence of the 
HCB-spiked sediment did not result in a significant 
increase in the uptake of HCB by the organisms, 
but there was a substantial increase in sediment 
HCB levels over time. Higher tissue HCB levels in 
aquaria without sediment suggest that the sediment 
was a more efficient sink for HCB than the orga- 
nisms. (Author’s abstract) 

W90-09591 


BIOLOGICAL AND PHYSICAL FACTORS AF- 
FECTING THE BODY BURDEN OF ORGANIC 
CONTAMINANTS IN FRESHWATER MUS- 
SELS. 

Windsor Univ. (Ontario). Great Lakes Inst. 

B. W. Muncaster, P. K.. N. Hebert, and R. Lazar. 
Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 25-34, 
January/February 1990. 6 fig, 4 tab, 38 ref. 


Descriptors: *Bioaccumulation, *Chlorinated hy- 
drocarbons, *Mussels, *Polychlorinated biphenyls, 
Animal tissues, Mollusks, Path of pollutants, Sedi- 
ment contamination, Tissue analysis, Water pollu- 
tion effects. 


Biological and physical factors affecting the body 
burdens of hexachlorobenzene, octachlorostyrene, 
and four polychlorobiphenyl (PCB) congeners in 
freshwater mussels from Lake St. Clair, Ontario, 
Canada were investigated. Specimens of Lampsilis 
radiata (Barnes) and the non-native Elliptio com- 
planata (Lightfoot) were deployed for forty days 
at four Lake St. Clair sites, to investigate whether 
the water or sediment phase represented the pri- 
mary source of contaminants and to examine the 
effect of enclosure of the mussels on contaminant 
uptake. No significant differences in body burdens 
were detected for any of the compounds between 
mussels placed in corrals containing uncontaminat- 
ed sand and those with natural sediment, suggest- 
ing the water phase represents the xenobiotic 
source. Among three enclosure types of varying 
restriction there were no significant differences in 
the body burden of each compound indicating the 
effect of confinement on uptake is minimal. Weak 
negative correlations between body burden and 
body length existed for all compounds, although 
there were no significant differences between the 
sexes or, with the exception of PCB congener 118, 
among five indigenous species. (Author’s abstract) 
W90-09592 


EFFECT OF ENVIRONS AND SEASONALITY 
ON METAL RESIDUES IN TISSUES OF WILD 
AND POND-RAISED CRAYFISH IN SOUTH- 
ERN LOUISIANA. 

Louisiana State Univ., Baton Rouge. Dept. of 
Food Science. 

M. W. Finerty, J. D. Madden, S. E. Feagley, and 
R. M. Grodner. 

Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 94-100, 
January/February 1990. 1 fig, 3 tab, 20 ref. 


Descriptors: *Bioaccumulation, *Biological magni- 
fication, *Crayfish, *Heavy metals, Animal tissues, 
Barium, Cadmium, Iron, Lead, Louisiana, Mercu- 
ry, Metals, Seasonal variation, Sediment contami- 
nation, Tissue analysis. 


Biomagnification is a possibility in crayfish since 
like other detritus feeders, they concentrate trace 
metals in their body tissues. Two commercially 
important species of Louisiana crayfish, Procam- 
barus clarkii (Girard) and P. acutus acutus 
(Girard), from the Atchafalaya River Basin, from 
open ponds and from the sediment and water of 
these environs were sampled three times during 
two consecutive fishing (production) seasons. The 
abdominal muscle and hepatopancreatic tissue 
were analyzed separately. Lead, mercury, and cad- 
mium, if present, were in concentrations below the 
detection limit. In the hepatopancreatic tissue, 


barium was present in concentrations below 8 mg/ 
kg, copper 11 to 15 mg/kg, and iron below 640 
mg/kg. Abdominal muscle samples had less than 3 
mg/kg of most metals. Locations with the highest 
levels of metal residues in sediment were not nec- 
essarily locations where crayfish had the highest 


levels in their tissues. (Author’s abstract) 
W90-09598 


ENVIRONMENTAL CONTAMINANT CON- 
CENTRATIONS IN BIOTA FROM THE 
LOWER SAVANNAH RIVER, GEORGIA AND 
SOUTH CAROLINA. 

National Fisheries Contaminant Research Center, 
Athens, GA. Field Research Station. 

P. W. Winger, D. P. Schultz, and W. W. Johnson. 
Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 101-117, 
January/February 1990. 1 fig, 6 tab, 70 ref. 


Descriptors: *Baseline studies, *Bioaccumulation, 
*Crabs, *Estuarine fisheries, *Fish, *Savannah 
River, *Water pollution sources, Chlorinated hy- 
drocarbons, Data collections, Harbors, Heavy 
metals, Hydrocarbons, Pesticide residues, Pollutant 
identification. 


Planned harbor expansion and industrial develop- 
ments may adversely affect the economically im- 
portant aquatic resources of the lower Savannah 
River, including those at the Savannah National 
Wildlife Refuge. To establish the present level of 
chemical contamination in this system, 102 samples 
of nine species of fish and fiddler crabs (Uca pugi- 
lator) were collected from eleven sites in the lower 
Savannah River and on the Savannah National 
Wildlife Refuge, and analyzed for concentrations 
of organochlorine chemicals, aliphatic and aromat- 
ic petroleum hydrocarbons, and 13 elemental con- 
taminants: aluminum, arsenic, cadmium, chromi- 
um, cobalt, copper, iron, lead, manganese, mercu- 
ry, nickel, selenium, and zinc. Fish collected from 
the lower Savannah River during August 1985 
included spotted gar, longnose gar, bowfin, chan- 
nel catfish, white catfish, brown bullhead, sea cat- 
fish, largemouth bass, and Atlantic croaker. Resi- 
dues of DDT (mainly as DDE), trans-nonachlor, 
dieldrin, Aroclor 1260, mirex, and petroleum hy- 
drocarbons were common in fish from the lower 
Savannah River, but concentrations were below 
those warranting environmental concern. In gener- 
al, the concentrations of elemental contaminants 
also were low; however, arsenic, cadmium, and 
chromium concentrations were elevated in fish 
from river stations near the city of Savannah, and 
lead was elevated in samples from the National 
Wildlife Refuge. Contamination of the lower Sa- 
vannah River by organic and elemental contami- 
nants, as indicated by concentrations in fishes and 
fiddler crabs, did not appear to pose a hazard. 
(Author’s abstract) 

W90-09599 


LANDFILL LEACHATE: A STUDY OF ITS AN- 
AEROBIC MINERALIZATION AND TOXICI- 
TY TO METHANOGENESIS. 

New York Univ. Medical Center, NY. Inst. of 
Environmental Medicine. 

O. A. O’Conner, R. Dewan, P. Galuzzi, and L. Y. 
Young. 

Archives of Environmental Contamination and 
Toxicology AECTCV, Vol. 19, No. 1, p 143-147, 
January/February 1990. 2 fig, 3 tab, 17 ref. NSF 
CES 865143. 


Descriptors: *Biodegradation, *Landfills, *Lea- 
chates, *Methanogenesis, *Path of pollutants, 
*Toxicity, Anaerobic digestion, Bioassay, New 
Jersey, Site remediation. 


Leachate from municipal landfills represents a po- 
tential health risk to both surrounding ecosystems 
and human populations. Landfill leachate collected 
from a site in New Jersey was evaluated for its 
anaerobic biodegradability and toxicity to methan- 
ogenesis using two anaerobic bioassays. Chemical 
characterization of the leachate yielded the follow- 
ing results (mg/L): chemical oxygen demand 
(COD) = 6478; dissolved oxygen (DO) = 1.8 to 
2.0; oil and grease = 4.8; suspended solids = 5.6; 
total Kjeldahl nitrogen (TKN) = 215; total phos- 
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phorus = 1.53; biochemical oxygen demand 
(BOD) = 73 and pH = 7.0 to 7.4. Anaerobic 
biodegradation of leachate as the sole source of 
carbon yielded methane production values greater 
than background over extended incubation periods 
with increasing concentration. However, increased 
concentrations of leachate produced a decrease in 
recovery of methane per kg COD amended. In a 
second assay, leachate toxicity was assessed by 
monitoring the suppression of methanogenesis in 
acetate and propionate amended cultures. Results 
of these assays indicate that concentrations of 
leachate greater than 10% produced a significant 
irreversible suppression of methanogenesis, while 
concentrations less than 10% showed enhanced 
methane production above background and active 
control. These results suggest that the leachate 
from this site contains a biodegradable fraction 
which can be partially mineralized under methano- 
genic conditions over extended periods of incuba- 
tion. However, high concentrations in excess of 
10% may be inhibitory to anaerobic methanogenic 
processes. (Author’s abstract) 

'W90-09600 


NITROGEN ADDITIONS AND LOSSES TO 
DRAINAGE IN ORCHARD-TYPE IRRIGATED 
LYSIMETERS. 

Agriculture Canada, Summerland (British Colum- 
bia). Research Station. 

D. S. Stevenson, and G. H. Neilsen. 

Canadian Journal of Soil Science CJSSAR, Vol. 
70, No. 1, p 11-19, February 1990. 3 tab, 23 ref. 


Descriptors: *Drainage water, *Fertilizers, *Irriga- 
tion effects, *Lysimeters, *Nitrogen, *Nonpoint 
pollution sources, *Path of pollutants, *Water pol- 
lution sources, Agricultural watersheds, Ground- 
water pollution, Nitrates, Orchards. 


Controlled fertilizer nitrogen (N) inputs and re- 
leases to drainage waters were recorded for 9 years 
in orchard-type lysimeters. Irrigations were varied 
year by year from about 37 to 100% of the maxi- 
mum for the area. One apple tree per lysimeter was 
the test crop. Large amounts of drainage resulting 
from the highest levels of irrigation carried the 
highest amounts of nitrate (NO3(-)) to groundwat- 
er but when irrigation was less than 75% of maxi- 
mum, much smaller annual amounts appeared in 
drainage, mostly because drainage was small. Year 
1 of drainage, although light, carried substantial 
amounts of NO3(-) out of the lysimeters probably 
reflecting mineralized native organic N plus ap- 
plied N. The largest single influence on the reten- 
tion of N was the presence of a cover crop. In 9 
years, 40 to 45% of applied N reappeared in drain- 
age waters under grass while 88 to 115% of ap- 
plied N reappeared under bare soil. The quantities 
of applied N (N sub 1 = 162 kg N/ha; N sub 2 = 
324 kg N/Ha) had less influence than the cover 
crop. The importance of measuring and sampling 
every drainage event because of wide ranges of 
NO3(-) concentrations is emphasized. Averaging 
could be misleading. Since the receiving waters of 
Okanagan lake still contain less than 1 mg NO3(-)/ 
L after more than 50 years of orcharding and 
applying N fertilizers, much nitrogen appears to be 
rapidly lost in groundwater transit. Possible causes 
are denitrification, or N has been swept out in river 
water, tied up in aquatic vegetation, transformed to 
N forms other than NO3(-) either in transit or in 
the lake itself, or in some parts of the watershed 
with very deep, fine-textured, initially dry soils and 
subsoils, may not yet have reached the lake. The 
potential contributions are apparently not showing 
up as lasting NO3(-) in the receiving waters. In 
transit some of the NO3(-) could increase NO3(-) 
levels in groundwaters and wells. (Author’s ab- 
stract) 

W90-09601 


FATE OF GLYPHOSATE IN A CANADIAN 
FOREST WATERSHED: 1. AQUATIC RESI- 
DUES AND OFF-TARGET DEPOSIT ASSESS- 
MENT. 

Northern Forest Research Centre, Edmonton (AI- 
berta). 

J. C. Feng, D. G. Thompson, and P. E. Reynolds. 
Journal of Agricultural and Food Chemistry 





JAFCAU, Vol. 38, No. 4, p 1110-1118, April 1990. 
4 fig, 4 tab, 30 ref. 


Descriptors: *Forest watersheds, *Glyphosate, 
*Herbicides, *Path of pollutants, *Pesticide resi- 
dues, *Stream pollution, *Water pollution sources, 
British Columbia, Canada, Sediment contamina- 
tion, Water sampling. 


In 1984, as a component of continuing investiga- 
tions on the effects of forestry practices on native 
fish populations in the Carnation Creek watershed, 
a study was to in ig the environ- 
mental fate of glyphosate in major aquatic and 
terrestrial compartments of the ecosystem, follow- 
ing a silvicultural application of Roundup(TM) 
herbicide. In this portion of the research, glypho- 
sate and AMPA (aminomethyl phosphonic acid) 
residues in oversprayed and buffered streams were 
monitored following application of Roundup(TM) 
(2.0 kg/ha) to 45 ha of the coastal British Columbia 
watershed. Maximum glyphosate residues (stream 
water, 162 micrograms/L; sediments, 6.80 micro- 
grams/g dry mass; suspended sediments, < 0.03 
micrograms/L) were observed in two intentionally 
oversprayed tributaries, dissipating to < 1 micro- 
grams/L within 96 hours postapplication. Ratios of 
maximum stream water concentrations of glypho- 
sate observed in tributaries relative to literature 
toxicity values indicated a substantial margin of 
safety under either operational or worst case sce- 
narios. For directly oversprayed streams, the 





margin of safety was 10, and for buffered streams it 
was greater than 100. (See also W90-09607) (Au- 
thor’s abstract) 
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FATE OF GLYPHOSATE IN A CANADIAN 
FOREST WATERSHED: 2. PERSISTENCE IN 
FOLIAGE AND SOILS. 

Northern Forest Research Centre, Edmonton (Al- 
berta). 

J. C. Feng, and D. G. Thompson. 

Journal of Agricultural and Food Chemistry 
JAFCAU, Vol. 38, No. 4, p 1118-1125, April 1990. 
3 fig, 3 tab, 30 ref. 


Descriptors: *Fate of pollutants, *Forest water- 
sheds, *Glyphosate, *Herbicides, *Path of pollut- 
ants, *Pesticide residues, *Soil contamination, Brit- 
ish Columbia, Canada, Leaves, Population expo- 
sure. 


Residues of glyphosate (N- 
(phosphonomethyl)glycine) and the metabolite 
(aminomethyl)phosphonic acid (AMPA) were 
monitored in foliage, leaf litter, and soils following 
aerial application of Roundup(TM) herbicide 
(nominal rate 2.0 kg/ha active ingredient) to the 
Carnation Creek watershed of Vancouver Island, 
British Columbia. Glyphosate deposit was variable, 
ranging from 1.85 to 2.52 kg/ha active ingredient, 
depending upon location within the watershed. 
Foliar residues in red alder and salmonberry were 
261.0 and 447.6 micrograms/g, respectively, indi- 
cating good impingement on the target foliage. 
Leaf litter residues, which averaged 122.5 micro- 
grams/g for red alder and 19.2 micrograms/g for 
salmonberry initially, declined to less that 1 micro- 
gram/g within 45 days postapplication (time to 
50% dissipation, DT sub 50 < 14 days). In soils, 
glyphosate and AMPA residues were retained pri- 
marily in the upper organic layers of the profile, 
with > 90% of total glyphosate residue in the 0 to 
15 cm layer. Distribution data for both glyphosate 
and AMPA suggested strong adsorption and a low 
propensity for leaching. Glyphosate soil residues 
dissipated as a function of time with an estimated 
DT sub 50 of 45 to 60 days. After 360 days, total 
soil residues of glyphosate were 6 to 18% of initial 
levels. (See also W90-09606) (Author’s abstract) 
W90-09607 


TRANSPORT, METABOLISM, AND DETOXI- 
FICATION OF HYDROGEN SULFIDE IN ANI- 
MALS FROM SULFIDE-RICH MARINE ENVI- 
RONMENTS. 

Scripps Institution of Oceanography, La Jolla, CA. 
For primary bibliographic entry see Field 2L. 
W90-09625 
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COPPER-INDUCED PRODUCTION OF 
COPPER-BINDING SUPERNATANT  PRO- 
TEINS BY THE MARINE BACTERIUM 
VIBRIO ALGINOLYTICUS. 

Old Dominion Univ., Norfolk, VA. Dept. of Bio- 
logical Sciences. 

V. Harewood-Sears, and A. S. Gordon. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1327-1332, May 1990. 
4 fig, 3 tab, 23 ref. 


Descriptors: *Bacterial physiology, *Copper, *De- 
toxification, *Fate of pollutants, *Path of pollut- 
ants, Culturing techniques, Growth inhibition. 


Growth of the marine bacterium Vibrio alginolyti- 
cus is temporarily inhibited by micro molar levels 
of copper. During the copper-induced lag phase, 
supernatant compounds which complex and de- 
toxify copper are produced. Two copper-inducible 
supernatant proteins having molecular masses of 21 
and 19 kilodaltons (CuBP1 and CuBP2) were iden- 
tified; these proteins were respectively, 25 and 46 
times amplified in supernatants of copper-chal- 
lenged cultures compared with controls. Experi- 
ments in which chloramphenicol was added to the 
cultures indicated that there was de novo synthesis 
of these proteins in response to copper. When 
supernatants were separated by gel permeation 
chromatography, CuBP1 and CuBP2 coeluted 
with a copper-induced peak in copper-binding ac- 
tivity. CuBP1 and CuBP2 from whole supernatants 
were concentrated and partially purified by using a 
copper-charged immobilized metal ion affinity 
chromatography column, confirming the affinity of 
these proteins for copper. A comparison of cell 
pellets and supernatants demonstrated that CuBP1 
was more concentrated in supernatants than in 
cells. These data are consistent with a model for a 
novel mechanism of copper detoxification in which 
excretion of copper-binding protein is induced by 
copper. (Author’s abstract) 


HYDROLOGICAL MODELING OF ACIDIFIED 
CANADIAN WATERSHEDS. 

National Water Research Inst., Burlington (Ontar- 
io). Rivers Research wae 

A. G. Bobba, and D. C. L. L: 

Ecological Modelling ECMODT, Vol. 50, No. 1-3, 
p 5-32, March 1990. 11 fig, 3 tab, 27 ref. 


Descriptors: *Acid rain effects, *Lakes, *Mathe- 
matical models, *Model studies, *Path of pollut- 
ants, *Water pollution sources, Alkalinity, Calci- 
um, Canada, Carbonates, Geohydrology, Ground- 
water movement, Magnesium, Nitrates, Sulfates, 
Turkey Lakes, Watersheds. 


Hydrology plays an important role in the acidifica- 
tion of watersheds in Canada by airborne pollut- 
ants such as the wet and dry deposition of sulfate 
and nitrate. The pathways of the anions through 
the soil layers, the contact times with soil matrix, 
the snow accumulation and melting sequences and 
the groundwater flows are all important hydrologi- 
cal factors that influence the acidification process- 
es. A hydrogeochemical model has been developed 
(TMWAM) and applied to Turkey Lakes Water- 
shed in Ontario. The model is able to explain about 
90% of the changes of total cations and anions in a 
progressively buffered stream system. The hydro- 
logical model results were successfully interfaced 
with the hydrogeochemical model. The error sta- 
tistics on the computed results on SO4(2-), HC03(- 
), Ca(2+) + Mg(2+), and pH were comparable 
with those on the observed stream data, in spite of 
the uncertainties of the soil processes. These uncer- 
tainties could have been better quantified, had 
there been soil chemistry data with sufficient tem- 
poral and spatial resolution to permit model cali- 
bration and confirmation. Future research effort 
should be directed to obtain such a data set. Fur- 
ther analysis of the computed and observed results 
linked the groundwater hydrology to the spatial 
gradients exhibited in the alkalinity which, in turn, 
probably influenced the phytoplankton productivi- 
ty. A lake model component has been developed to 
interface with the hydrological and the geochemi- 
cal models, following the findings of these models 
and other related studies in the Turkey Lakes 
Watershed Project. (Agostine-PTT) 
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BIOACCUMULATION OF NICKEL AND VA- 
NADIUM IN TISSUES OF THE CATFISH 
CLARIAS BATRACHUS, 

Calcutta Univ. (India). Dept. of Biochemistry. 

D. Ray, S. K. Banerjee, and M. Chatterjee. 

Journal of Inorganic Biochemistry JIBIDJ, Vol. 
38, No. 3, p 169-173, March 1990. 4 tab, 33 ref. 


Descriptors: *Bioaccumulation, *Catfish, *Heavy 
metals, *Nickel, *Path of pollutants, *Vanadium, 
Atomic absorption spectroscopy, Pollution effects. 


Bioaccumulation of nickel and vanadium in the 
tissues of the liver, kidney, gill, and intestine has 
been studied following 4 days and 30 days of 
exposure at sublethal concentrations of nickel and 
vanadium compounds in the catfish Clarius batra- 
chus. Nickel estimations were done by atomic ab- 
sorption spectroscopy. For the very minute quanti- 
ty of vanadium in the tissues, anodic stripping 
voltametry was used. Nickel and vanadium have 
been found to accumulate in all four tissues ob- 
served. High concentrations of nickel and vanadi- 
um have been found in the order kidney > gill > 
liver > intestine during the 4 days and 30 days 
treatment. A dose-response effect was seen, as the 
concentrations of metals in the tissues increased 
with concentration and exposure time. The effect 
on bioaccumulation in the specific tissue provides a 
better basis for monitoring exposures than whole- 
body analysis. (Author’s abstract) 

W90-09665 


METHODS FOR DISTINGUISHING BE- 
TWEEN SINGLE AND MULTIPLE DISCHARG- 
ER SITUATIONS. 

Illinois Univ. at Urbana-Champaign. Newmark 
Civil Engineering Lab. 

J. W. Eheart. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 335- 
348, May/June 1990. 4 fig, 3 tab, 18 ref. EPA 
Cooperative Agreement No. CR812577-01. 


Descriptors: *Wastewater disposal, *Water pollu- 
tion control, *Water pollution sources, Aeration, 
Dissolved oxygen, Mathematical models, Model 
studies, Streams. 


Designing programs to control pollutant dis- 
charges into streams is easier if the areas of water 
quality degradation from adjacent discharges do 
not overlap, so that each discharge may be treated 
as a single entity. Conservative pollutants accumu- 
late in a stream but decaying pollutants from one 
source may be of insignificant concentration at the 
point where the next downstream source is intro- 
duced. There may be greater overlap of areas of 
degraded water quality at high streamflows than at 
low ones. In assessing whether discharges may be 
treated separately, all streamflow conditions 
should be considered. A simple set of techniques 
based on dimensionless variables were developed 
that may be used to determine whether adjacent 
discharges of nonconservative pollutants may be 
regarded as independent. The application of these 
techniques is demonstrated for an example prob- 
lem. It is shown, for example, that for dissolved 
oxygen (DO) deficit, if the reaeration coefficient 
exceeds the decay coefficient and the residence 
time between adjacent discharges is greater than 
ten times the reciprocal of the decay coefficient, 
there is no significant overlap between the adjacent 
dischargers at any stream flow. (Author’s abstract) 
W90-09668 


NATURE OF OUTFLOWS FROM THE 
NORTH-EAST ESTUARIES. 

Imperial Chemical Industries Ltd., Brixham (Eng- 
land). Brixham Lab. 

For primary bibliographic entry see Field 2L. 
W90-09683 


PHOSPHORUS BUDGET OF THE MARSDIEP 
TIDAL BASIN (DUTCH WADDEN SEA) IN 
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THE PERIOD 1950-1985: IMPORTANCE OF 
THE EXCHANGE WITH THE NORTH SEA. 
Nederlands Inst. voor Onderzoek der Zee, Texel. 
For primary bibliographic entry see Field 5C. 
W90-09685 


RESPONSE OF THE DUTCH WADDEN SEA 
ECOSYSTEM TO PHOSPHORUS _DIS- 
CHARGES FROM THE RIVER RHINE. 
Rijkswaterstaat, Haren (Netherlands). 
Waters Div. 

For primary bibliographic entry see Field 5C. 
W90-09687 
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CADMIUM AND COPPER ACCUMULATION 
IN THE COMMON MUSSEL MYTILUS 
EDULIS IN THE WESTERN SCHELDT ESTU- 
ARY: A MODEL APPROACH. 

Rijkswaterstaat, The Hague (Netherlands). Div. of 
Tidal Waters. 

R. J. F. van Haren, J. van der Meer, and M. B. de 
Vries. 

Hydrobiologia HYDRB8, Vol. 195, p 105-118, 
April 30, 1990. 3 fig, 7 tab, 35 ref. 


Descriptors: *Bioaccumulation, *Cadmium, 
*Copper, *Model studies, *Mussels, *Path of pol- 
lutants, *The Netherlands, *Trace metals, Black- 
box models, Estuaries, Physiology, Salinity. 


The Western Scheldt of the Dutch Delta area is 
severely contaminated with trace metals. Accumu- 
lation models of trace metals in the mussel Mytilus 
edulis are required to predict the biological effi- 
ciency of reductions in the metal and organic 
matter load. Two models were constructed: a 
black-box and a physiologically structured model. 
The black-box model predicts metal accumulation 
in mussels from uptake and elimination parameters. 
The physiological model attempts to improve pre- 
dictions by taking into account the kinetics of 
individual uptake and elimination routes. These in 
turn, are taken as depending on two more general 
physiological processes, the ventilation rate and 
the metabolic rate. Metal uptake via food and 
water are expressed as relative fractions, and metal 
input is differentiated into particulate adsorbed, 
and dissolved species. The reliability of the two 
models was evaluated by comparing predicted 
concentrations for mussels with actual measure- 
ments. Model predictions for copper deviate less 
than 100% from measured concentrations, but nei- 
ther model appears to predict cadmium concentra- 
tions with sufficient accuracy since deviations of 
more than 100% occurred. The introduction of 
physiological refinements did not improve per- 
formance. Food mediated contributions for cadmi- 
um and copper to total body burden had been 
overestimated in the model by a factor of 100 
when compared to literature values. The physio- 
logical model did predict that the ratio of food 
mediated contribution to total body burden is 
probably different for cadmium and copper and 
decreases with increasing salinity for both. As yet 
there are no measurements available to confirm 
such predictions. (Author’s abstract) 

W90-09690 


HUMBER ESTUARY--A CASE STUDY. 

NRA (Anglian region) Marine Laboratory, Aqua 
— Harvey Street, Lincoln, LN1 1TF, Eng- 
and. 

R. Barr, P. G. Wastson, C. R. Ashcroft, B. E. 
Barnett, and C. Hilton. 

Hydrobiologia HYDRB8, Vol. 195, p 127-143, 
April 30, 1990. 15 fig, 2 tab, 16 ref. 


Descriptors: *Baseline studies, *England, *Estua- 
rine environment, *Fate of pollutants, *Humber 
Estuary, *Path of pollutants, *Wastewater pollu- 
tion, Aquatic organisms, Bacteria, Bioindicators, 
Case studies, Environmental quality, Heavy 
metals, Physicochemical properties, Polychaetes, 
Sediments. 


An extensive and detailed survey was conducted 
on the biology, bacteriology and levels of heavy 
metals in the subtidal sediments of the Humber 
estuary in June, 1985. Seventy-seven stations cov- 
ering the entire estuary were arranged in a grid 


pattern with a spacing of approximately 1-2 km 
between sample points with positions fixed using 
the Decca Navigator System. The findings were 
assessed with respect to environmental quality, and 
the abundance and distribution patterns of the indi- 
cator species Capitella capitata, the numbers of 
fecal bacteria, and levels of heavy metals and or- 
ganic matter were examined in relation to areas of 
sewage disposal. It was found that the subtidal 
communities of the Humber appear to be con- 
trolled primarily by physicochemical factors, prin- 
cipally salinity, tidal currents, and sediment type. 
Anthropogenic influences are superimposed on the 
natural environmental regime and the fauna of the 
middle estuary has been persistently affected by 
organic enrichment from sewage discharges. En- 
hanced levels of some metals have been found in 
sediments in the industrialized sector of the lower 
estuary, but the benthos does not seem to be de- 
pleted (except in certain localized areas) and shal- 
low muddy sites support some substantial popula- 
tions of polychaetes. The apparent entrapment of 
bacteria on the sediments within the estuary may 
suggest that the release of sewage derived nutrients 
to the North Sea is minimal. With regard to heavy 
metals there are some indications that the areas of 
fine sediment within the estuary act as a sink for 
some metals such as Fe and Ti. For other metals it 
seems likely that although the muddy areas of the 
estuary are responsible for the sequestration of a 
proportion of these metals, varying quantities of 
each metal will enter the North Sea either in 
solution or according to the sediment transport 
mechanisms. (White-Reimer-PTT) 

W90-09692 


MATHEMATICAL MODEL FOR __ 137CS 
UPTAKE AND RELEASE BY FILAMENTOUS 
ALGAE. 

Ceskoslovenska Akademie Ved, Ceske Budejovice. 
Inst. of Landscape Ecology. 

M. Svadlenkova, Z. Dvorak, and O. Slavik. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 5, p 461-469, 1989. 3 fig, 1 
tab, 9 ref. 


Descriptors: *Algae, *Bioindicators, *Cesium ra- 
dioisotopes, *Mathematical models, *Model stud- 
ies, *Path of pollutants, *Radioactive wastes, *Ra- 
dioactivity, Cladophora, Czechoslovakia, Nuclear 
powerplants, Radioecology. 


Radiocesium contributes a major component of the 
radioactivity of liquid wastes from pressure water 
reactor type nuclear power stations which are in 
operation or under construction in Czechoslovakia. 
Aquatic plants are suitable materials for use in 
radioecological and radiohygiene control due to 
their biomass, biogeography, ecology, and ability 
to accumulate radionuclides. A mathematical 
model of the dynamics of radiocesium transport in 
the aquatic phase-algae system was developed. 
Algal growth and both reversible and irreversible 
absorption of the radionuclide by the algae are 
taken into account in the model. The algal biomass 
is divided hypothetically into two compartments 
with different exchange kinetics, and the param- 
eters of the model are time dependent. The model 
was quantified using experimental data for the con- 
centrations of 137Cs in Cladophora glomerata, an 
aquatic filamentous green alga, obtained in situ in 
the environment of a nuclear power station. The 
model fits the data reasonably well and can be used 
for bioindication of radioactivity in aquatic receiv- 
ing waters in the environment of nuclear power 
stations. (White-Reimer-PTT) 

W90-09698 


ECOLOGY OF SOME RICEFIELDS IN JAPAN 
AS EXEMPLIFIED BY SOME BENTHIC 
FAUNA, WITH NOTES ON MANAGEMENT. 
Tohoku Univ., Sendai (Japan). Biological Inst. 

For primary bibliographic entry see Field 5E. 
W90-09699 


DEPOSITION OF CHERNOBYL CAESIUM-137 
IN HEAVY RAIN AND ITS PERSISTENT 
UPTAKE BY GRAZING SHEEP. 

Meteorological Office, Bracknell (England). 

F. B. Smith. 


Agricultural and Forest Meteorology AFMEEB, 
Vol. 47, No. 2/4, p 163-177, September 1989. 8 fig, 
3 ref. 


Descriptors: *Cesium radioisotopes, *Chernobyl, 
*Europe, *Fallout, *Path of pollutants, *Water 
pollution sources, Atmospheric pollution, Bioaccu- 
mulation, England, Iodine radioisotopes, Northern 
Ireland, Rainfall, Scotland, Sheep, Wales. 


Radioactivity escaped from the wrecked reactor at 
Chernobyl for 10 days and spread over most of 
Europe. Part of the debris crossed Britain a week 
after it was emitted. Heavy thunderstorms and a 
northward-moving cold front washed out much of 
the radioactive iodine and cesium it carried, espe- 
cially to the upland areas of North Wales, northern 
England, southwest Scotland, and Ulster. Several 
lessons have been learned, including information 
about wet and dry removal rates. The deposition 
of Chernobyl debris was of transient importance to 
agriculture in lowland areas rich in clay minerals. 
There, levels of 1311 in milk in the 2 wk following 
the passage of the debris over the country were 
detected readily, even though the levels were well 
below government limits, and fell to insignificance 
thereafter. In contrast, in upland sheep-rearing 
areas, the cesium has remained mobile in the acidic 
soils and levels in sheep often have exceeded gov- 
ernment limits and have been decreasing only 
slowly since 1986. For those few farms that in 1986 
had levels in some sheep between 3000 and 4000 
Bq/kg, it will be 1991 before the levels in all the 
sheep fall below the government level of 1000 Bq/ 
kg, provided the decrease turns out to be constant 
over the period. (Author’s abstract) 

W90-09708 


WET, OCCULT AND DRY DEPOSITION OF 
POLLUTANTS ON FORESTS. 

Nottingham Univ. (England). Dept. of Physiology 
and Environmental Science. 

M. H. Unsworth, and J. C. Wilshaw. 

Agricultural and Forest Meteorology AFMEEB, 
Vol. 47, No. 2/4, p 221-238, September 1989. 4 fig, 
3 tab, 57 ref. 


Descriptors: *Acid rain, *Atmospheric pollution, 
*Cloud chemistry, *Dry deposition, *England, 
*Literature review, *Path of pollutants, *Virginia, 
*Water pollution sources, *Wet deposition, For- 
ests, Hydrochloric acid, Hydrogen peroxide, Mae- 
stro model, Mathematical models, Nitric acid, 
Occult deposition, Ozone, Sulfur oxides. 


Mechanisms by which air pollutants are trans- 
ferred to forests by wet and dry deposition and in 
wind-driven cloud water (occult deposition) are 
reviewed and new methods for making deposition 
estimates are described. In upland forests, orogra- 
phic cloud can enhance the amount and ionic 
concentration of precipitation so that wet deposi- 
tion may be 4-5 times larger than in nearby valleys. 
Recent work supports the use of a simple aerody- 
namic relation to estimate the rates of occult depo- 
sition. Occult deposition rates to forests of identi- 
cal weather conditions may vary by an order of 
magnitude, depending on forest structure. Evapo- 
ration of deposited water may cause the solute 
concentration of water on foliage to be substantial- 
ly larger than in cloud. Dry deposition of HNO3 
and HCI is controlled by aerodynamic properties 
of the canopy. Several kg of N/ha/yr are deposit- 
ed to forests by this path. Transfer of SO2, H202, 
and O3 is restricted by surface and internal resist- 
ances of foliage. Controls of dry deposition of 
ammonia and nitrogen oxides and of particles are 
not well known. A canopy transfer model ‘Mae- 
stro’ was modified to include gaseous pollutants 
and agrees well with SO2 fluxes to a forest. Esti- 
mates of wet, occult, and dry deposition on 
Keilder Forest, England, and Whitetop Mountain, 
Virginia, U.S.A., show substantial differences in 
cloud frequency. Regional cloud chemistry prob- 
ably differs between sites and different models of 
occult deposition also disagree. (Author’s abstract) 
'W90-09709 


ENVIRONMENTAL CONSEQUENCES OF 
SALTS EXPORTS FROM AN IRRIGATED 





LANDSCAPE IN THE EBRO RIVER BASIN, 
SPAIN. 

= Agronomic Inst. 
(Spain). 

J. Bellot, F. Golley, and M. T. Aguinaco. 
Agriculture, Ecosystems and Environment 
AEENDO, Vol. 27, No. 1/4, p 131-138, November 
1989. 


of Zaragoza 


Descriptors: *Agricultural runoff, *Irrigation prac- 
tices, *Salinity, *Spain, Calcium, Chlorides, Drain- 
age water, Ebro River, Fertilizers, Flushing, Irri- 
gation effects, La Violada, Magnesium, Nitrogen, 
Phosphorus, Potassium, Sodium, Sulfur, Water 
pollution control. 


La Violada is a 5256-ha irrigated landscape in 
northern Spain, which has been in active produc- 
tion for about 4 yr. The chemical input and output 
dynamics of this agricultural landscape were exam- 
ined. The total dissolved ions lost in the drainage 
water is about 10.7 Mt/ha/yr. There is an excess of 
input over output for N, P, and K(+) and the 
reverse for CL(-), S, Ca(2+), Mg(2+) and Na(+). 
The result of continued chemical inputs is to con- 
vert the agricultural production area into a source 
of environmental pollution. To correct the prob- 
lems created by past agricultural practices in the 
Violada irrigation basin, it is recommended that (1) 
great volumes of water be used to flush excess salts 
from the soil profile and (2) once the excess salts 
have been washed out, the volume of water used 
during each irrigation period should be reduced 
and the frequency between irrigation periods regu- 
lated according to specific guidelines. The guide- 
lines are: (1) to ensure the water needs of the plant 
for the whole vegetative cycle; (2) to reduce the 
irrigation effluents, including losses through deep 
percolation, as much as possible; (3) to ensure a 
displacement of salts from the roots; and (4) to 
supply a volume of water sufficient for avoiding an 
increase in salt concentration in the soil profile 
during periods with high evapotranspiration. 
(Rochester-PTT) 
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MODELS, FIELD STUDIES, LABORATORY 
EXPERIMENTS: AN INTEGRATED  AP- 
PROACH TO EVALUATE THE ENVIRON- 
MENTAL FATE OF ATRAZINE (S-TRIAZINE 
HERBICIDE). 

Siena Univ. (Italy). Dipt. di Biologia Ambientale. 
E. Bacci, A. Renzoni, C. Gaggi, D. Calamari, and 
A. Franchi. 

Agriculture, Ecosystems and Environment 
AEENDO, Vol. 27, No. 1/4, p 513-522, November 
1989. 2 fig, 4 tab, 16 ref. 


Descriptors: *Agricultural runoff, *Atrazine, *Fate 
of pollutants, *Herbicides, *Italy, *Path of pollut- 
ants, Bioconcentration, Biological magnification, 
Degradation, Fish, Kinetics, Lake Chiusi, Leach- 
ing, Mathematical models. 


A three-step procedure was applied to the study of 
the environmental distribution and fate of atrazine. 
The three steps were: (1) physical-mathematical 
models, following the fugacity approach; (2) field 
studies of the disappearance of atrazine from treat- 
ed soil and a contaminated lake (Lake Chiusi, 
Italy); and (3) laboratory experiments to evaluate 
the main routes of disappearance of atrazine from 
fortified soils and waters. Models were used to 
evaluate the main trends in the environmental dis- 
tribution of atrazine and to point out potential 
reservoirs and sinks. On the basis of these evalua- 
tions, field experiments were planned. Laboratory 
experiments were carried out to analyze the infor- 
mation from the field, by individual study of the 
main transport and transformation mechanisms. 
Through water runoff and leaching, atrazine tends 
to move from treated soils to water compartments. 
Volatilization from soils and water seems negligi- 
ble. In water, the bioaccumulation potential of this 
chemical is poor (bioconcentration factor about 10 
for fish muscle). The degradation in soil follows 
pseudo-first-order kinetics, with a half-life of about 
50 days. Similar kinetics were found for atrazine 
degradation in natural waters, but with a slower 
rate (half-life = 168 days). (Author’s abstract) 
W90-09715 
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SIMPLE MODEL TO EVALUATE HERBICIDE 
FATE IN THE AIR-WATER-SOIL SYSTEM. 
Consiglio Nazionale delle Ricerche, Pisa (Italy). 
Ist. per la Chimica del Terreno. 

S. Cervelli, A. Perna, and Z. Ekler. 

Agriculture, Ecosystems and Environment 
AEENDO, Vol. 27, No. 1/4, p 523-529, November 
1989. 1 fig, 6 tab, 11 ref. 


Descriptors: *Fate of pollutants, *Herbicides, 
*Mathematical models, Adsorption, Agricultural 
runoff, Air-water-soil interfaces, Carbamate pesti- 
cides, Freundlich Law, Volatilization. 


A simple model was developed for describing the 
fate of herbicides in the air-water-soil system. The 
model takes into account the relative importance 
of absorbance, volatilization, and degradation to 
describe the loss pathway of soil-applied EPTC (S- 
ethyl dipropylthiocarbamate), vernolate (S-propyl 
dipropylthiocarbamate), and cycloate (S-ethyl-N- 
ethyl cyclohexylthiocarbamate). The main assump- 
tions of the model are: (1) herbicide adsorption 
onto soil follows the Freundlich empirical law; (2) 
herbicide volatilization depends on concentration; 
and (3) the herbicide degradation rate follows first- 
order kinetics. Experimental data obtained follow- 
ing the addition of EPTC, vernolate, and cycloate 
to a Fluvisol showed that adsorption and volatili- 
zation explained the different loss pathways of the 
three herbicides in the air-water-soil system. Even 
though the loss pathways of the three herbicides 
differed, the first-order rate constants were of the 
same order of magnitude (range: 0.70-1.10 per 
day). (Author’s abstract) 

W90-09716 


PESTICIDE RESIDUES IN THE PO RIVER 
WATERSHED: APPLICATION OF A MATHE- 
MATICAL MODEL, 

Universita Cattolica del Sacro Cuore, Piacenza 
(Italy). Facolta di Agraria. 

A. A. M. Del Re, D. Cova, L. Ragozza, E 
Rondelli, and L. Rossini. 

Agriculture, Ecosystems and Environment 
AEENDO, Vol. 27, No. 1/4, p 539-553, November 
1989. 3 fig, 5 tab, 20 ref. 


Descriptors: *Italy, *Mathematical models, *Path 
of pollutants, *Pesticide residues, *Pesticides, *Po 
River, Biodegradation, Fugacity, Mackays model, 
ResPest-I database, Solute transport, Watersheds. 


Mackay’s fugacity model was applied to the study 
of the distribution of various pesticides in the Po 
River watershed and other northern Italian water- 
sheds. The fugacity model was used at the first 
level, i.e., at equilibrium among compartments, and 
modified by introducing both a ‘plant biomass’ and 
a ‘men’ compartment. The model was applied to a 
number of pesticides. Volumes of air, water, soil, 
sediment, biomass, etc., were estimated for the 
whole watershed. The physico-chemical character- 
istics of the pesticides and the amounts used were 
used to calculate fugacity capacities. Predicted 
concentrations of in the various compartments 
were compared with residue level data from the 
ResPest-I database (Italian pesticide residue ar- 
chive). The Mackay model has several limitations 
for the present work, the most important of which 
is the lack of any consideration of degradation and 
transport phenomena. Within these limits, the pre- 
dictions are qualitatively in accordance with the 
experimental data extracted from the ResPest-I 
database. Failures to make correct estimates may 
result from: (1) difficulties in water sampling and 
analysis; (2) interference of organic and inorganic 
suspended matter with the analysis of organochlor- 
ine residues in water; and (3) the possibility that 
detoxification rates in living bodies are higher than 
the bioconcentration rate. (Rochester-PTT) 
W90-09717 


RELEASE OF SEDIMENTARY NITROGEN 
AND PHOSPHORUS IN POLDER DITCHES 
OF A LOW-MOOR PEAT AREA. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 

For primary bibliographic entry see Field 2H. 
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NUTRIENT RELEASE FROM SWAMP 
WATER, CYPERUS PAPYRUS L. ORGANS 
AND SWAMP SEDIMENTS. 

Dar es Salaam Univ. (Tanzania). Dept. of Zoology 
and Marine Biology. 

For primary bibliographic entry see Field 2H. 
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PHYTOPLANKTON AND HYDROGRAPHY 
OF THE BAY OF CADIZ, FROM JANUARY 
1984 TO DECEMBER 1985 (FITOPLANCTON E 
HIDROGRAFIA DE LA BAHIA D CADIZ: 
ENERO DE 1984 A DICIEMBERE DE 1985). 
Instituto de Ciencias Marinas, Andalucia (Spain). 
R. Establier, J. Blasco, and L. M. Lubian. 
Investigacion Pesquera IPESAV, Vol. 51, No. 4, p 
505-515, December 1987. 8 fig, 1 tab, 16 ‘ref. Eng- 
lish summary. 


Descriptors: *Coastal waters, *Eutrophication, 
*Hydrography, *Phytoplankton, *Spain, 
*Wastewater pollution, *Water pollution, *Water 
pollution sources, Ammonia, Bay of Cadiz, Chlo- 
rophyll, Dissolved oxygen, Hydrogen ion concen- 
tration, Nitrates, Nitrites, Nutrients, Path of pollut- 
ants, Phosphates, Salinity, Temperature. 


Chlorophylls a, b, and c, temperature, pH, salinity, 
dissolved oxygen, ammonia, nitrite, nitrate, and 
phosphate evolution were studied in the Bay of 
Cadiz (southwestern Spain) during 1984 and 1985. 
Chlorophyll a had two maxima, in spring and 
autumn. Nutrient concentrations had highest 
values in winter and lowest in summer. Mean 
concentrations were higher than in the other zones 
of the Spanish coast as a consequence of the of 
urban sewage effluents from towns around the Bay 
of Cadiz. No indication of eutrophication was ob- 
served. (Author’s abstract) 
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PHYTOPLANKTON OF THE EBRO DELTA 
BAYS (FITOPLANCTON DE LAS BAHIAS DEL 
DELTA DEL EBRO). 

Instituto de Ciencias del Mar, Barcelona on 
For primary bibliographic entry see Field 5C 
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SPATIAL AND TEMPORAL VARIATION OF 
ORGANIC MATTER CONTENT IN _ SEDI- 
MENTS FROM SALT-PONDS NEAR THE BAY 
OF CADIZ (EVOLUCION ESPACIAL Y TEM- 
PORAL DE LA CONCENTRACION DE MATE- 
RIA ORGANICA EN LOS SEDIMENTOS DE 
ESTEROS DE LA BAHIA DE CADIZ). 

Instituto de Ciencias Marinas, Andalucia (Spain). 
For primary bibliographic entry see Field 5C. 
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OBSERVATIONS ON CONCENTRATIONS OF 
THE HEAVY METALS ZINC, MANGANESE, 
NICKEL AND IRON IN WATER, IN THE SEDI- 
MENTS AND TWO AQUATIC MACRO- 
PHYTES, TYPHA CAPENSIS (ROHRB.) N.E. 
BR. AND ARUNDO DONAX L., OF A STREAM 
AFFECTED BY GOLDMINE AND INDUSTRI- 
AL EFFLUENTS. 

Rand Afrikaans Univ., 
Africa). Dept. of Zoology. 
G. G. van der Merwe, H. J. Schoonbee, and J. 
Pretorius. 

Water SA WASADYV, Vol. 16, No. 2, p 119-124, 
April 1990. 3 fig, 1 tab, 21 ref. 


Johannesburg (South 


Descriptors: *Acid mine drainage, *Aquatic plants, 
*Heavy metals, *Path of pollutants, *South Africa, 
Acidic water, Alkaline water, Arundo, Burning, 
Cattails, Cropping, Elsburgspruit Catchment, Eu- 
trophication, Iron, Manganese, Nickel, Nutrient 
removal, Tissue analysis, Wetlands, Zinc. 


The occurrence of the heavy metals Zn, Mn, Ni, 
and Fe, and their uptake by two emergent aquatic 
weeds, Typhia capensis and Arundo donax, in the 
water and sediments of a stream polluted by acid 
mine drainage water was investigated. Four select- 
ed localities, including both alkaline and acidic 
conditions, were investigated in the Elsburgspruit 
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catchment area near Germiston in the Transvaal 
(South Africa). The study was conducted in 
summer during the active growth phase for both 
plants and before the onset of senescence. With the 
exception of Fe, the deposition of heavy metals 
increased as the stream water became more alka- 
line. At the same time, higher concentrations of 
these metals were present in the tissues of both 
species. A. donax and T capensis differed in their 
capacity to accumulate metals. Based on the heavy 
metal analysis, A. donax in the Elsburgspruit con- 
tained in its tissues 0.639 t of Zn, 6,561 t of Mn, 
0.947 t of Ni, and 2.033 t of Fe. Should this plant 
by cropped regularly during the summer growing 
season, a substantial portion of these heavy metals 
could be removed. At present, A. donax occasion- 
ally is burned in the wetland regions of this stream 
during the dry winter months, thus returning much 
of the metals directly to the ecosystem in the ash. 
(Rochester-PTT) 
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HEAVY METAL CONTENT IN ORGANS OF 
THE AFRICAN SHARPTOOTH CATFISH, 
CLARIAS GARIEPINUS (BURCHELL), FROM 
A TRANSVAAL LAKE AFFECTED BY MINE 
AND INDUSTRIAL EFFLUENTS: PART 1. 
ZINC AND COPPER. 
Rand Afrikaans Univ., 
Africa). Dept. of Zoology. 
L. M. Bezuidenhout, H. J. Schoonbee, and L. P. 
D. de Wet. 

Water SA WASADYV, Vol. 16, No. 2, p 125-129, 
April 1990. 1 fig. 2 tab, 41 ref. 
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Descriptors: *Catfish, *Heavy metals, *Path of 
pollutants, *South Africa, Biological magnifica- 
tion, Copper, Fate of pollutants, Hydrogen ion 
concentration, Industrial wastes, Mine wastes, 
Tissue analysis, Victoria Lake, Zinc. 


Germiston, or Victoria, Lake, near Johannesburg, 
South Africa, had been polluted severely for dec- 
ades with mine and industrial effluents containing 
heavy metals. Significant improvement in water 
quality has been observed in that pH values have 
increased from 3.5 to 7-8 and mineral solutes in the 
water have declined over the years. A study con- 
ducted to determine whether heavy metals could 
be found in the African sharptooth catfish, Clarias 
gariepinus (Burchell). The fish analyzed are con- 
fined to the lake and no recruitment takes place 
from outside the lake area. The bioconcentration of 
Zn and Cu was studied in the intestine, spleen, 
liver, kidney, body fat, gonads, heart, muscle, 
brain, vertebrae, and gills of the sharptooth catfish. 
Marked differences in bioconcentration among tis- 
sues were noted. For Zn, the concentrations in 
tissues were in the order brain > heart > gills > 
spleen > kidneys > > muscles > body fat, where- 
as for Cu the concentration order was brain >> 
gills > heart muscle = kidney > spleen > liver. 
In relation to the concentration in sediments, but 
bioconcentration was greater for copper in the 
organs of this fish. (Rochester-PTT) 

W90-09759 


CHEMICAL AND ECOLOGICAL STUDIES ON 
TILAPIA NILOTICA. 

Assiut Univ., Aswan (Egypt). Faculty of Science. 
A. E. Mohamed, R. M. Awadallah, and S. A. 
Gabr. 

Water SA WASADYV, Vol. 16, No. 2, p 131-134, 
April 1990. 1 fig, 1 tab, 25 ref. 


Descriptors: *Bioaccumulation, *Egypt, *Heavy 
metals, *Path of pollutants, *Tilapia, *Water chem- 
istry, Aswan, Atomic absorption spectrophoto- 
metry, Calcium, Chromium, Cobalt, Copper, Gold, 
Iron, Lead, Magnesium, Manganese, Nickel, Nile 
River, Potassium, Sodium, Statistics, Strontium, 
Zinc. 


Atomic absorption spectrophotometry was used 
for the determination of Ag, Au, Ca, Co, Cr, Cu, 
Fe, K, Mg, Mn, Na, Ni, Pb, Sr, and Zn in 42 
Tilapia nilotica fish samples collected from the 
Nile River at Aswan (15 samples from the point 
between the conservation area of Aswan and 
Gebel Tagoug, and 27 samples from the main 
stream; 15 of the main stem samples were taken 


from the middie of the Kima Drain and the remain- 
der in the Nile River just north of where Kima 
Drain enters the Nile). The average length of fish 
range from 13-26 cm, mass ranged from 98-400 g 
and water content equaled 74.37 to 75.40%. The 
results showed that trace element concentrations 
were clearly proportional to the size of the fish 
species (length and mass); in particular, relatively 
large sizes of fish contained higher concentrations 
of Na, K, Cu, Cr, Sr, and Zn. In addition, contami- 
nated Kima Drain water may not reflect any 
change in the metal concentrations in the fish. The 
trace element concentrations in the investigated 
fish samples were within the safety baseline levels 
for man. Statistical relative errors equaled 4.8 to 
8.5% and standard deviation was 0.026 to 303.557. 
(Author’s abstract) 
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BEHAVIOUR OF ALUMINUM SPECIES 
DURING SNOWMELT, BOTH DOWNSTREAM 
AND AFTER MIXING WITH NONACIDIC 
WATERS. 

Bayreuth Univ. (Germany, F.R.). Lehrstuhl fuer 
Hydrologie. 

For primary bibliographic entry see Field 2K. 
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PHOSPHORUS AND NITROGEN LOAD 
FROM FOREST AND AGRICULTURAL AREAS 
IN FINLAND. 

National Board of Waters, Helsinki (Finland). 
Water and Environment Research Inst. 

S. Rekolainen. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 95-107, 
1989. 6 fig, 4 tab, 37 ref. 


Descriptors: *Agricultural runoff, *Forest water- 
sheds, *Nitrogen, *Nonpoint pollution sources, 
*Organic loading, *Phosphorus, *Water pollution 
sources, Agricultural watersheds, Finland, Land 
use, Load distribution, Path of pollutants, Sulfates, 
Water quality. 


Diffuse loading from agricultural and forest areas 
is monitored in Finland via a network of 23 small 
drainage basins, where water quality observations 
were started in 1962. Discharge is measured con- 
tinuously. Water quality sampling frequency was 
approximately 12 times/yr, but the approach was 
changed in 1981 by concentrating the sampling in 
high runoff periods. Both phosphorus and nitrogen 
loads were found to be highly dependent on the 
proportion of agricultural land in the basins. Also 
the effects of acid sulfate soils, the proportion of 
peat soils in agricultural land, land slope, and min- 
eral soil texture could be observed from the data. 
When comparing two observation periods, phos- 
phorus loads in particular were found to be much 
higher in the latter period. The possible reasons for 
this increase are: the change in sampling strategy, 
the increase in runoff volume, and the intensifica- 
tion and specialization of agriculture. The phos- 
phorus load from forest basins varied from 11 to 16 
kg/sq km/acre and nitrogen load from 200 to 270 
kg/sq km/acre. In the forest basins where no for- 
estry operations have been performed the phos- 
phorus load varied from 5.9 to 8.9 kg/sq km/acre 
and the nitrogen load from 300 to 310 kg/sq km/ 
acre. The high nitrogen load from these basins was 
probably caused by the increased atmospheric dep- 
osition. The specific load from cultivated land 
varied from 90 to 180 kg/sq km/acre for phospho- 
rus and from 760 to 2000 kg/sq km/acre for nitro- 
gen. From acid sulfate basins the phosphorus load 
was found to be lower but the nitrogen load higher 
than from other agricultural basins. The total 
annual phosphorus load from agriculture was esti- 
mated to be 2000-4000 t and nitrogen load 20,000- 
40,000 t for all of Finland. (Author’s abstract) 
W90-09762 


IMPACT OF UTILIZATION IN RIVER BASIN 
MANAGEMENT. 

Swedish Environmental Research Inst., Stock- 
holm. 

For primary bibliographic entry see Field 6G. 
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ONE-DIMENSIONAL DISPERSION IN UN- 
STEADY FLOW IN AN ADSORBING POROUS 
MEDIUM: AN ANALYTICAL SOLUTION, 
Banaras Hindu Univ., Varanasi (India). Dept. of 
Mathematics. 

R. R. Yadava, R. R. Vinda, and N. Kumar. 
Hydrological Processes HYPRE3, Vol. 4, No. 2, p 
189-196, April/May 1990. 1 fig, 21 ref. 


Descriptors: *Dispersion, *Groundwater pollution, 
*Mathematical analysis, *Mathematical models, 
*Model studies, *Path of pollutants, *Simulation 
analysis, Groundwater quality, Numerical analysis, 
Porous media. 


The increase of incidents of groundwater pollution 
in recent years has accelerated the development of 
simulation and management models in the field of 
groundwater quality control. Analytical solutions 
describing the concentration distribution along 
one-dimensional unsteady seepage flow through 
adsorbing saturated finite porous medium have 
been obtained. An exponential function concentra- 
tion is enforced at the source of the dispersion, 
while the change in the concentration is zero at the 
other boundary. A new time variable has been 
introduced to solve the unsteady flow problem and 
the solution is easily illustrated by numerical exam- 
ple. The extent of pollution in groundwater from a 
point source decreases as the pollutant moves 
away from the source until a harmless or very low 
concentration level is reached; such a situation can 
be studied by the analytical solution of the disper- 
sion model outlined. (Fish-PTT) 
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THEORETICAL STUDY OF THE WET RE- 
MOVAL OF ATMOSPHERIC POLLUTANTS. 
PART IV: THE UPTAKE AND REDISTRIBU- 
TION OF AEROSOL PARTICLES THROUGH 
NUCLEATION AND IMPACTION SCAVENG- 
ING BY GROWING CLOUD DROPS AND ICE 
PARTICLES. 

Mainz Univ. (Germany, F.R.). Meteorological 
Inst. 

For primary bibliographic entry see Field 2B. 
W90-09801 


TRANSFORMATION OF POLLUTION ALONG 
THE COURSE OF THE LUPAWA RIVER IN 
YEARS 1985-1986. 

Gdansk Univ. (Poland). Inst. of Oceanography. 
K. Korzeniewski, C. Trojanowska, J. Trojanowski, 
and R. Zielke. 

Polskie Archiwum Hydrobiologii PAHYA2, Vol. 
36, No. 2, p 289-312, 1989. 16 fig, 4 tab, 10 ref. 
Polish Academy of Science Project CPBP 
04.10.02. 


Descriptors: *Fate of pollutants, *Nonpoint pollu- 
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Catchment areas, Hydraulic structures, Lupawa 
River, River basins, Wastewater, Water sampling. 


The catchment area of the Lupawa River 
(Poland), flowing to the Baltic Sea with a mean 
slope of 1.8% and 98.7 km long, contains sources 
of area and point source water pollution. An inven- 
tory was made of 39 point sources of pollution, 
from which wastewater and sewage are transport- 
ed to the Lupawa River via running waters of high 
density (0.31 km/sq m). Water flows in the hydro- 
metric sampling stations, expressed as the yearly 
mean values for the multiyear period, increased 
along the river course from 0.92 cu m/s to 8.59 cu 
m/s. Owing to high retention of the Lupawa River 
drainage basin, in the major part of the sampling 
stations the deviations of the yearly mean values 
from the mean value for the multiyear period did 
noi exceed a few cm. In Poland the principle is 
accepted that exceeding the norm by even one of 
the pollution indices causes a mechanical lowering 
of the water purity class. In the present studies the 
principle was accepted that the mean value of a 
high number of results affords a more reliable 
picture of the purity state of running waters, and 
better illustrates the complex chemical and biologi- 
cal processes taking place in the aquatic environ- 
ment. Concentrations of chemical compounds 





along the river course were described by the 
yearly and quarterly mean values measured month- 
ly in 1985 and 1986. The yearly mean values of 
chemical oxygen demand, dissolved oxygen, dry 
residue, iron, sulphate, and chloride remained 
within the range of the norm for waters of class I 
purity. Many water lifts, door-step waterfalls and 
dams of water power stations intensified the proc- 
ess of water oxygenation to saturation and support- 
ed the aerobic nature of pollution mineralization. 


(Fish-PTT) 


SUBSURFACE MIGRATION OF HAZARDOUS 
WASTES 


University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

J. S. Devinny, L. G. Everett, J. C. S. Lu, and R. L. 
Stollar. 

Van Nostrand Reinhold, New York. 1990. 387p. 
Environmental Engineering Series. 


Descriptors: *Cleanup operations, *Groundwater 
movement, *Groundwater pollution, *Hazardous 
wastes, *Path of pollutants, *Pollutant identifica- 
tion, *Regulations, *Waste disposal, Chemical 
analysis, Testing procedures, Water analysis, 
Water pollution sources. 


One of the most pressing environmental issues 
today is the need to clean up thousands of hazard- 
ous waste sites. In most cases, soil and groundwat- 
er contamination are a dominant part of the prob- 
lem, which includes identification of the contami- 
nants, determining how they spread underground, 
and establishing and executing appropriate treat- 
ments. Testing to determine whether a waste is 
legally hazardous and awareness of the proper 
testing methods and equipment are also important. 
Surface impoundments, landfills, spills, tanks and 
pipeline, septic tanks, agriculture, urban runoff, 
and illegal dumping all create contaminated soils. 
Chemical, physical, and microbiological factors 
may alter the character and mobility of contami- 
nants. Contamination in the vadose zone is out- 
lined, along with methods and instrumentation for 
testing and treating contaminated groundwater in 
the vadose zone. Sites can be decontaminated 
without costs and liabilities associated with trans- 
port to a redisposal facility. Field migration con- 
trol procedures include waste modification, drain- 
age control, surface sealing, migration barriers, 
groundwater division, and pump-and-treat for con- 
taminated groundwater. (See W90-09837 thru 
W90-09845) (Brunone-PTT) 
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INTRODUCTION. 

University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

J. S. Devinny, and J. C. S. Lu. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 1-14. 
3 fig, 4 tab, 24 ref. 


Descriptors: *Agricultural runoff, *Groundwater 
movement, *Groundwater pollution, *Hazardous 
wastes, *Leakage, *Path of pollutants, *Septic 
tanks, *Storage reservoirs, *Urban runoff, Assess- 
ments, Environmental Protection Agency, Water 
pollution sources. 


Hazardous wastes disposed on land can move 
downward and away through the soil, spreading to 
contaminate a region extending far beyond the 
disposal site. Where groundwater is a resource, it 
carries the toxins to the human population, threat- 
ening public health. Problems of groundwater con- 
tamination are complicated by the many and vari- 
ous sources of contaminants. Contamination 
sources are in three major categories: facilities used 
for the direct disposal of hazardous materials, sites 
of indirect disposal of hazardous materials, and 
non-point sources. Generators of hazardous wastes 
often place them in surface impoundments, where 
the contaminants may evaporate or percolate to 
the subsurface. Both municipal and private facili- 
ties used for burying wastes have proved to be 
potent sources of groundwater contamination. 
Many received materials in the past which are now 
recognized as hazardous. Accidental releases of 
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chemicals may cause contamination, as can leaks 
from tanks and pipelines. Septic tanks may release 
partially treated water to a water supply aquifer. 
Agriculture and urban runoff both release contami- 
nated water to public water supplies. Illegal dump- 
ing often produces large acute releases of hazard- 
ous wastes, which may then migrate in the subsur- 
face as either gases or liquids. The Environmental 
Protection Agency ranks factors (such as depth to 
the water-bearing strata, amounts of precipitation, 
soil permeability, and physical characteristics of 
the waste) which contribute to the hazardousness 
of an uncontrolled substance. (See also W90-09836) 
(Brunone-PTT) 

W90-09837 


COMPOSITION OF HAZARDOUS WASTES. 
University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5A. 
W90-09838 


PRINCIPLES OF GROUNDWATER FLOW. 
Stollar (R.L.) and Associates, Santa Ana, CA. 
For primary bibliographic entry see Field 2F. 

W90-09839 


MICROBIOLOGY OF SUBSURFACE WASTES. 
University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

J. S. Devinny. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 116- 
141. 3 tab, 16 ref. 


Descriptors: *Biodegradation, *Cleanup oper- 
ations, *Fate of pollutants, *Hazardous wastes, 
*Microbial degradation, *Microorganisms, *Waste 
treatment, Aquifers, Chemoautotrophy, Ground- 
water chemistry, Limiting nutrients, Metabolism, 
Microbial physiology, Respiration. 


The microbiological activity in aquifers makes the 
subsurface migration of hazardous wastes more 
difficult to predict, but may also create opportuni- 
ties for waste cleanup which are inexpensive and 
which carry minimal environmental side effects. 
Microorganisms use organic matter to provide 
energy for their metabolic processes and as feed- 
stock for the synthesis of necessary structural 
chemicals. The chemical reactions involved can be 
divided into two classes: gross reactions, which 
consume substantial amounts of material and 
produce equally large volumes of product; and 
synthetic reactions, which utilize smaller amounts 
of material to produce highly specialized chemi- 
cals, such as proteins and DNA. Gross reactions 
are usually redox reactions which include aerobic 
respiration, aerobic chemoautotrophy, anaerobic 
respiration, and co-metabolism. The growth phases 
in microbial cultures have substantial implications 
for the subsurface migration of hazardous waste 
and for the design of remedial action. Groundwat- 
er cleanup requires the use of all growth phases: 
the growth curve, the lag phase, the exponential 
phase, and the stationary and endogenous phases. 
Early in the cleanup process, substrate will be 
abundant, and exponential growth will occur. 
Later, the stationary and endogenous phases will 
complete the removal of the contaminants. If mi- 
crobiological waste treatment is attempted, it is 
important to be aware of the growth phases, and to 
provide the appropriate amounts of oxygen and 
nutrients at the appropriate times. In some cases, 
the physical nature of the soils may limit the effec- 
tiveness of microorganisms. For some highly toxic 
chemicals, the minimum concentration necessary 
for microbial growth may exceed acceptable 
levels, or the substrate concentration may be too 
high. In some cases, it may be necessary to dilute 
the contaminants to promote biodegradation. Limi- 
tations of nitrogen and phosphorus are common, 
and their addition to systems where biodegradation 
is to be promoted is helpful. Efforts at promoting 
biodegradation should also include mixed inocula 
from several sources to insure that the maximum 
possible variety of species will be present. Many of 
the hazardous substances which are causing con- 
cern for groundwater quality are biodegradable. 
Some products of microbial activity, however, 
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may cause problems, including toxic byproducts, 
odors, and acids. (See also W90-09836) (Brunone- 
PTT 


W90-09840 


CHEMICAL AND PHYSICAL ALTERATION 
OF WASTES AND LEACHATES. 

University of Southern California, Los Angeles. 
Dept. of Civil Engineering. 

J. S. Devinny. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 142- 
166. 


Descriptors: *Fate of pollutants, *Groundwater 
pollution, *Hazardous wastes, *Leachates, *Path 
of pollutants, *Waste treatment, Chemical interac- 
tions, Chemical properties, Compaction, Evapora- 
tion, Hydrogen ion concentration, Kinetics, Land- 
fills, Oxidation, Soil porosity, Temperature. 


Between the time that a waste is generated and the 
time that it creates problems as a groundwater 
contaminant, its composition may be substantially 
altered. Some changes begin almost as soon as the 
waste is generated. Wastes from several processes 
area drained into common holding tanks. During 
disposal, wastes may be mixed with soil, or with 
other wastes, or diluted in landfills. They may be 
mixed in groundwater or dispersed through porous 
soils. Landfills may include both hazardous and 
nonhazardous wastes, and interactions among 
wastes may occur in landfills. These wastes may 
dissolve or react with acids, metals and solvents 
present. The readiness with which a solid waste 
dissolves is often a key characteristic which deter- 
mines whether it is a threat to groundwater qual- 
ity. Wastes of similar chemical composition may 
produce quite different leachates because of differ- 
ences in physical factors such as soil permeability, 
temperature, the depth of the waste body, compac- 
tion or compression of the waste mass, and the age 
of the waste. Chemical processes affecting leachate 
composition may include pH, redox potential, ki- 
netic and equilibrium conditions. Where the con- 
centrations of chemicals in the interstitial waters 
exceed equilibrium values, precipitation will occur. 
The saturation concentration is a function of pH, 
temperature, and is affected by chemical reactions. 
Precipitation will also change the quality of the 
soil in which it occurs. Soil can filter groundwater 
and adsorb dissolved chemicals through chemical 
bond formation, ion exchange, hydrophobic bond- 
ing, Van der Waals forces, or a combination of 
these processes. Some groundwater contaminants 
are susceptible to chemical reactions through acid- 
base reactions, hydrolysis, redox reactions, com- 
plexation, or photochemical degradation. Lastly, if 
a spill remains at or near the surface for a long 
time, a significant fraction may evaporate. (See 
also W90-09836) (Brunone-PTT) 

W90-09841 


CONTROL OF SUBSURFACE MIGRATION. 
Calscience Engineering and Labs., Inc., Cypress, 
CA. 


For primary bibliographic entry see Field 5G. 
W90-09845 


CHEMICAL MODELING OF AQUEOUS SYS- 
TEMS Il. 

For primary bibliographic entry see Field 2K. 
W90-09846 


CHEMICAL MODELING OF AQUEOUS SYS- 
TEMS. 

Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

For primary bibliographic entry see Field 2K. 
W90-09847 


SOLUBILITY OF VOLATILE ELECTROLYTES 
IN MULTICOMPONENT SOLUTIONS WITH 
ATMOSPHERIC APPLICATIONS. 

Plymouth Marine Lab. (England). 

S. L. Clegg, and P. Brimblecombe. 

IN: Chemical Modeling of Aqueous Systems II. 
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American Chemical Society, Washington, DC. 
1990. p 58-73. 5 fig, 4 tab, 62 ref. 


Descriptors: *Acid rain, *Atmospheric chemistry, 
*Electrolytes, *Model studies, *Thermodynamics, 
Acetic acid, Ammonia, Saline water, Salts, Tem- 
perature effects. 


Thermodynamic Henry’s law constants are given 
for the strong acids HNO3, HCl, HBr and HI 
(KH/sq mol/sq kg/atm), and for weak electrolytes 
HF, HCOOH, CH3COOH and NH3 (K’H/mol/ 
kg/atm) from 0-40 C. Use of the Pitzer thermody- 
namic model for the calculation of gas solubilities 
is evaluated, contrasting the behavior of HCI with 
new work on NH3 (as an example of a weak 
electrolyte). Agreement between measurements 
and model calculations is good for both gases. The 
effects of dissolved salts, association equilibria, and 
temperature variations on gas partial pressure are 
illustrated. The strongest interactions in an electro- 
lyte solution occur between ions of opposite sign. 
In solutes which undergo significant ion pairing or 
association reactions, the choice of approach is 
essentially pragmatic, but for more strongly associ- 
ating species the equilibria must be recognized 
explicitly. When calculating gas partial pressures, 
the principal temperature effect lies in the change 
of thermodynamic Henry’s law constant (KH) 
rather than in the activity coefficients. Variations 
of aqueous heat capacities with respect to tempera- 
ture should also be taken into account, where 
possible, when estimating activity coefficients. Pa- 
rameters for NH3-salt interactions, using partial 
pressure, liquid phase partitioning, and salt solubili- 
ty data were derived that may serve as a model for 
the treatment of other weak and non-electrolytes. 
(See also W90-09846) (Geiger-PTT) 

W90-09851 


CURRENT STATUS OF THE EQ3/6 SOFT- 
WARE PACKAGE FOR GEOCHEMICAL MOD- 
ELING. 
Lawrence Livermore National Lab., CA. 
For primary bibliographic entry see Field 2K. 
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GEOCHEMICAL MODELING OF WATER- 
ROCK INTERACTIONS USING SOLMINEQ.88. 
Alberta Research Council, Edmonton. 

For primary bibliographic entry see Field 2K. 
W90-09855 


RECONSTRUCTION OF REACTION PATH- 
WAYS IN A ROCK-FLUID SYSTEM USING 
MINTEQ. 

Baker (F.G.) Associates, Golden, CO. 

H. F. Pavlik, and D. D. Runnells. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 140-153. 6 fig, 3 tab, 30 ref. 


Descriptors: *Computer programs, *Geochemis- 
try, *Groundwater pollution, *Leachates, *Model 
studies, *Path of pollutants, *Sandstones, *Waste 
disposal, Calcite, Fluorine, Lithium, Magnesium, 
Minerals, Oil shale. 


The mass transfer model MINTEQ was used to 
evaluate probable reaction pathways driving the 
reaction of processed oil shale leachate (Lawrence 
Livermore L2 leachate) with a sandstone of the 
Uinta Formation collected near Parachute, Colora- 
do. The purpose of the study was to model the 
chemical interactions associated with the acciden- 
tal discharge of oil shale leachate into the subsur- 
face. The geochemical interaction of leachate and 
sandstone was reconstructed in consecutive steps 
that were considered additive toward the attain- 
ment of final equilibrium. The outcome of each 
hypothetical equilibration step was used as the 
starting point for successive chemical mass balance 
calculations. Modeling results suggest that the ap- 
proach to chemical equilibrium is controlled by the 
recarbonation of the leachate, during which 
Ca(2+) activity and pH are driven by precipita- 
tion of calcite. Recarbonation is accompanied by 
the apparent precipitation of sepiolite from the 
leachate, dissolution of magnesium from an in- 
ferred magnesium carbonate mineral in the sand- 


stone, and partitioning of lithium and fluoride be- 
tween liquid and solid phases. The adsorption 
isotherms for Li and F were linear and insensitive 
to the system parameters, and therefore a constant 
Kd was used to model surface reactions involving 
Li and F. Modeling results compare favorably 
with laboratory studies of the interaction between 
sandstone and leachate. (See also W90-09846) (Au- 
thor’s abstract) 

W90-09857 


HYDROGEOCHEMICAL INTERACTIONS 
AND EVOLUTION OF ACIDIC SOLUTIONS IN 
SOIL. 

Weston (Roy F.), Inc., Albuquerque, NM. 

P. Longmire, D. G. Brookins, and B. M. Thomson. 
IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 154-168. 1 fig, 10 tab, 32 ref. New Mexico 
Energy Research and Development Institute Con- 
tract EMD-2-69-1107. U. S. Bureau of Mines Con- 
tract JO225002. 


Descriptors: *Acid mine water, *Geochemistry, 
*Leachates, *Mine wastes, *Model studies, *Path 
of pollutants, *Radioactive waste disposal, *Radio- 
active wastes, *Uranium radioisotopes, *Water 
pollution sources, Adsorption, Anions, Clay miner- 
als, Clays, Conductance, Hydrogen ion concentra- 
tion, Interstitial water, Leaching, Minerals. 


Leachate generated from surface disposal of acidic 
uranium mill tailings in New Mexico and Colorado 
significantly alters hydrogeochemical characteris- 
tics of subjacent sediments including pH, Eh, min- 
eralogical transformation, and acid neutralizing ca- 
pacity. Experimental investigations and thermody- 
namic equilibrium modeling with the geochemical 
code PHREEQE show that the relatively oxidiz- 
ing tailings pore water is in near equilibrium with 
jurbanite (ALOHSO4), gypsum (CaSO4.2H20), 
strengite (FePO4.2H20), and __lepidocrocite 
(gamma-FeOOH), and is oversaturated with 
(KFe3(SO4)2(OH)6). Ions concentrated in tailings 
pore water include Mg, Na, Mn, V, Ni, al, Fe, Ca, 
K, SO4, NO3, PO4, Mo, Se, As, and U. Leach 
experiments on tailings material demonstrated that 
As, Cr, Mo, U, and V are associated with clay 
minerals, jarosite, and ferric oxyhydroxide coat- 
ings. The enrichment factors (clay/sand abun- 
dance) for these solutes are greater than unity, 
which may be the result of anion adsorption below 
pHzpc literature values for ferric oxyhydroxide, 
silica gel, and montmorillonite. The concentrations 
and mobilities of several species and elements 
follow the order SO4>NH4>Al>Mn> 
NO3>U>Fe>Se>PO4>Ni>As>Cd at pH 4.0. 
Sulfate-dominated leachate reacts with tailings sub- 
soil calcite producing gypsum, which results in a 
continued decrease in SO4 concentrations. Dis- 
solved concentrations of U, NO3, SO4, and other 
major ions remain elevated above background con- 
centrations downgradient from the tailings im- 
poundment. (See also W90-09846) (Author’s ab- 
stract) 

W90-09858 


CARBON ISOTOPE MASS TRANSFER AS EVI- 
DENCE FOR CONTAMINANT DILUTION. 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

L. Toran. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 190-201. 4 fig, 4 tab, 19 ref. Department of 
Energy Contract DE-AC05-840R21400. 


Descriptors: *Carbon, *Groundwater pollution, 
*Isotopes, *Path of pollutants, *Pollutant identifi- 
cation, *Sulfates, *Tracers, Carbon dioxide, Com- 
puter models, Dissolved solids, Mine wastes, 
Mixing. 


Carbon isotope data provided evidence for dilution 
of sulfate-contaminated groundwater near an un- 
derground mine; this result would not be predicted 
from thermodynamic reaction path modeling 
alone. The effect of CO2 outgassing and carbonate 
precipitation and dissolution on delta-C13 of dis- 
solved inorganic carbon was modeled with an inte- 
grated form of Rayleigh distillation. The observed 


carbon isotope ratios were 2-4 parts per thousand 
lighter than those modeled for most samples, indi- 
cating an additional source of light carbon. Mixing 
with uncontaminated water surrounding the mine 
is hypothesized to explain the discrepancies. Alter- 
native hypotheses include sulfide oxidation and 
CO2 outgassing at pH less than or equal to 5 and 
siderite precipitation which preferentially removes 
heavy carbon. (See also W90-09846) (Author’s ab- 
stract) 
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TRANSPORT OF CO2(14) IN UNSATURATED 
GLACIAL AND EOLIAN SEDIMENTS. 
Geological Survey, Denver, CO. 

R. G. Striegl, and R. W. Healy. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 202-210. 1 fig, 3 tab, 34 ref. 


Descriptors: *Carbon, *Carbon dioxide, *Finite 
difference methods, *Geochemistry, *Glacial sedi- 
ments, *Model studies, *Path of pollutants, *Ra- 
dioactive waste disposal, Adsorption, Mathemati- 
cal models, Radioisotopes, Spatial distribution, Un- 
saturated zone. 


Measurements of losses of CO2 to unsaturated 
sediment-water mixtures indicate that diffusion of 
CO2(14) in the unsaturated zone may be substan- 
tially retarded by isotopic exchange of C14 to an 
adsorbed inorganic C phase. Two geochemical 
models for calculating CO2(14) retention in the 
unsaturated zone were compared. The first was a 
theoretical model based on calcite equilibrium con- 
trol (calcite equilibrium model), and the second 
was an empirical model based on measured losses 
of CO2 from a surrogate unsaturated zone atmos- 
phere to unsaturated water-sediment mixtures 
(CO2 retention model). The first model accounted 
only for CO2(14) retention caused by C14 dilution 
to dissolved inorganic carbon. The second ac- 
counted for additional C14 dilution to an adsorbed 
C phase predicted from CO2(14)-loss experiments. 
The geochemical models were separately coupled 
with a two-dimensional, finite-difference model for 
gas diffusion to simulate the distribution of 
pCO2(14) in the unsaturated zone near a disposal 
trench at a low-level radioactive waste-disposal 
site near Sheffield, Illinois. Comparison of simulat- 
ed pCO2(14) distribution with onsite data support- 
ed the presence of the adsorbed C phase. (See also 
W90-09846) (Author’s abstract) 
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SIMULATION OF MOLYBDATE TRANSPORT 
WITH DIFFERENT RATE-CONTROLLED 
MECHANISMS. 

Geological Survey, Denver, CO. 

K. G. Stollenwerk, and K. L. Kipp. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 243-257. 7 fig, 3 tab, 23 ref. 


Descriptors: *Computer models, *Model studies, 
*Molybdenum, *Molybdenum compounds, *Path 
of pollutants, *Solute transport, *Tracers, Chemi- 
cal reactions, Diffusion, Groundwater pollution, 
Isotopic tracers, Mathematical models, Porosity, 
Simulation analysis, Sorption. 


Laboratory column experiments identified poten- 
tial rate-controlling mechanisms that could affect 
transport of molybdate in a natural-gradient tracer 
test conducted at Cape Cod, Massachusetts. 
Column-breakthrough curves for molybdate were 
simulated by using a one-dimensional solute-trans- 
port model modified to include four different rate 
mechanisms: equilibrium sorption, rate-controlled 
sorption, and two side-pore diffusion models. The 
equilibrium sorption model failed to simulate the 
experimental data, which indicated the presence of 
a rate-controlling mechanisms. The rate-controlled 
sorption model simulated results from one column 
reasonably well, but could not be applied to five 
other columns that had different input concentra- 
tions of molybdate without changing the reaction- 
rate constant. One side-pore diffusion model was 
based on an average side-pore concentration of 
molybdate (mixed side-pore diffusion); the other on 





a concentration profile for the overall side-pore 
depth (profile side-pore diffusion). The mixed side- 
pore diffusion model gave a reasonable correlation 
with experimental data, and the parameters could 
be used for a variety of input concentrations. How- 
ever, the profile side-pore diffusion model gave the 
most accurate simulations for the largest variety of 
input concentrations. (See also W90-09846) (Au- 
thor’s abstract) 


NUMERICAL SIMULATION OF COADSORP- 
TION OF IONIC SURFACTANTS WITH INOR- 
GANIC IONS ON QUARTZ, 

Stanford Univ., CA. Dept. of Applied Earth Sci- 
ences. 

For primary bibliographic entry see Field 2K. 
W90-09866 


CONSTANT-CAPACITANCE SURFACE COM- 
PLEXATION MODEL: ADSORPTION IN 
SILICA-IRON BINARY OXIDE SUSPENSIONS. 
Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2K. 
W90-09867 


INFLUENCE OF TEMPERATURE ON ION AD- 
SORPTION BY HYDROUS METAL OXIDES. 
Pennsylvania State Univ., University Park. Dept. 
of Geosciences. 

For primary bibliographic entry see Field 2K. 
W90-09868 


ENERGETICS AND CONSERVATIVE PROP- 
ERTIES OF REDOX SYSTEMS. 

California Inst. of Tech., Pasadena. W.M. Keck 
Lab. of Environmental Engineering Science. 

For primary bibliographic entry see Field 2K. 
W90-09875 


ALUMINUM HYDROLYSIS REACTIONS AND 
PRODUCTS IN MILDLY ACIDIC AQUEOUS 
SYSTEMS. 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2K. 
W90-09879 


EFFECT OF IONIC INTERACTIONS ON THE 
OXIDATION RATES OF METALS IN NATU- 
RAL WATERS. 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. 

F. J. Millero. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 447-460. 13 fig, 20 ref. Navy contract 
N00014-87-G-0116; NSF OCE86-00284. 


Descriptors: *Copper, *Geochemistry, *Iron, *Ox- 
idation, *Path of pollutants, *Water chemistry, 
Anions, Chemical reactions, Chlorides, Heavy 
— Ions, Magnesium, Natural waters, Trace 
metals. 


The reduced valence of metals in natural waters 
can be formed by photochemical, biochemical and 
geochemical processes. The longevity of these re- 
duced metals will be influenced by the rates of 
oxidation with O2 and H202. The effects of ionic 
interactions on the rates of Cu(I) and Fe(II) oxida- 
tion in natural waters was examined using measure- 
ments made as a function of pH, ionic strength and 
composition. The oxidation of Cu(I) is affected by 
the strong interactions of Cu(+) with Cl(-). The 
formation of CuCl(--) and CuCl3(--) ion pairs 
causes the rates to decrease. At a constant Cl(-) 
concentration, the increase in the concentration of 
Mg(+-+) causes the rates to decrease and the 
increase in the concentration of HCO3(-) causes 
the rates to increase. The oxidation of Fe(II) is 
affected by the strong interactions of Fe(++) 
with OH(-). The formation of FeOH(+) and 
Fe(OH)2 ion pairs causes the rates to increase. 
Most other anions, with the exception of HCO3(-), 
that form ion pairs cause the rates to decrease. (See 
also W90-09846) (Author’s abstract) 
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ROLE OF REACTIVE-SURFACE-AREA CHAR- 
ACTERIZATION IN GEOCHEMICAL KINETIC 
MODELS. 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2K. 
W90-09881 


QUANTITATIVE STRUCTURE-ACTIVITY RE- 
LATIONSHIP MODELS FOR PREDICTING 
AQUEOUS SOLUBILITY: COMPARISON OF 
THREE MAJOR APPROACHES. 

Vanderbilt Univ., Nashville, TN. Dept. of Envi- 
ronmental and Water Resources Engineering. 

For primary bibliographic entry see Field 2K. 
W90-09882 


EQUILIBRIUM MODEL FOR ORGANIC MA- 
TERIALS IN WATER. 

Louisiana State Univ., Baton Rouge. Dept. of 
Chemical Engineering. 

For primary bibliographic entry see Field 2K. 
W90-09883 


COPPER COMPLEXATION BY NATURAL OR- 
GANIC MATTER IN GROUND WATER. 

Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 

For primary bibliographic entry see Field 2K. 
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KINETICS OF RARE EARTH METAL BIND- 
ING TO AQUATIC HUMIC ACIDS. 
Florida State Univ., Tallahassee. Dept. of Chemis- 


try. 

S. B. Clark, and G. R. Choppin. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 519-525. 2 fig, 2 tab, 13 ref. 


Descriptors: *Europium, *Humic acids, *Metal 
complexes, *Path of pollutants, *Rare earth ele- 
ments, *Water chemistry, Fate of pollutants, 
Fulvic acids, Geochemistry, Kinetics, Model stud- 
ies, Organic matter, Speciation. 


Humic substances can have significant roles in the 
geochemical speciation of metals and hence the 
migration ions in natural waters. Complexation of 
Eu(III) to humic acid was found to be fast but, 
initially, only a small fraction is strongly bound. 
This fraction increases with time over a 2-day 
period. The dissociation kinetics can be described 
by an equation with 5 first order terms with rate 
constants from .0180 to .00167/m (pH 4.2). The 
percent dissociation by the slowest paths is the 
same as the fraction found to be strongly bound in 
the complex formation studies after the initial 2 
days. These results indicate that the extent of ef- 
fects due to metal-humate interaction as water 
moves through a soil may vary with the rate of 
flow. Particularly for slow waters, humate interac- 
tions may be important to include in modeling 
metal migration. (See also W90-09846) (Author’s 
abstract) 
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MICROSCALE PROCESSES IN POROUS 
MEDIA: TRANSPORT OF CHLORINATED 
BENZENES IN POROUS AGGREGATES. 
Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

R. C. Bales, and J. E. Szecsody. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 526-538. 7 fig, 5 tab, 15 ref. NSF Grant 
ECE-8504663. 


Descriptors: *Adsorption, *Benzenes, *Chlorinat- 
ed hydrocarbons, *Mathematical models, *Model 
studies, *Path of pollutants, *Porous media, 
*Water chemistry, Advection, Aggregates, Kinet- 
ics, Solute transport. 


Sorption and desorption of chlorinated benzenes 
were investigated in a series of column experiments 
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using surface-modified silica of known chemical 
composition. The resulting breakthrough curves 
were fit to equilibrium (two parameter), first-order 
(three parameter), and mobile-immobile region 
(four parameter) one-dimensional advection, dis- 
persion and retardation mathematical models. Slow 
sorption and desorption evidenced by tailing of the 
breakthrough curves, was attributed primarily to 
slow binding and release rather than diffusion 
through immobile liquid or diffusion through an 
organic phase. An equilibrium model could be used 
to fit breakthrough curves with slow sorption/ 
desorption, but the magnitude of the resulting dis- 
persion coefficient includes effects of both media- 
specific intra-aggregate transfer and sorbate/sor- 
bent-specific binding/release processes. Using the 
first-order model with independently determined 
dispersion coefficients gave a fitted first-order 
model with independently determined dispersion 
coefficients gave a fitted first-order rate coefficient 
for media-and sorbate/sorbent-specific processes. 
Comparison of first-order model results from parti- 
cles with different geometries and experiments at 
different temperatures suggested that release of 
sorbates from strong binding sites was the rate- 
limiting desorption step. The binding involved 
strong van der Waals interactions, as would be 
found in many natural waters. The additional pa- 
rameter provided by the mobile-immobile model 
could not be physically defined in the experimental 
system studied, and provides no additional insight 
for interpreting microscale sorption-desorption 
processes. The same lack of physical definition for 
additional parameters should apply to many similar 
solute-transport situations. (See also W90-09846) 
(Author’s abstract) 
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COMPILATION OF MEAN ANNUAL SUS- 
PENDED-SEDIMENT YIELDS FOR SELECT- 
ED STREAMS DRAINING BASINS WITHIN 
AND ADJACENT TO COAL FIELDS IN THE 
EASTERN UNITED STATES. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2J. 
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GROUND-WATER LEVELS AND FLOW NEAR 
THE INDUSTRIAL EXCESS LANDFILL, UN- 
IONTOWN, OHIO. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
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CORROSIVE GROUND WATER IN THE KIRK- 
WOOD-COHANSEY AQUIFER SYSTEM IN 
THE VICINITY OF OCEAN COUNTY, EAST- 
CENTRAL NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2K. 
W90-09895 


TRAVELTIME AND REAERATION OF SE- 
LECTED STREAMS IN THE NORTH PLATTE 
AND YAMPA RIVER BASINS, COLORADO. 
Geological Survey, Denver, CO. Water Resources 
Div. 

For primary bibliographic entry see Field 4C. 
W90-09897 


GEOHYDROLOGY AND GROUND-WATER 
QUALITY AT THE PUEBLO DEPOT ACTIVI- 
TY LANDFILL NEAR PUEBLO, COLORADO. 
Geological Survey, Denver, CO. Water Resources 
Di 


iv. 
For primary bibliographic entry see Field 2F. 
W90-09902 


HYDROGEOLOGY OF A _ HAZARDOUS- 
WASTE DISPOSAL SITE NEAR BRENTWOOD, 
WILLIAMSON COUNTY, TENNESSEE. 
Geological Survey, Nashville, TN. Water Re- 
sources Div. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5B—Sources Of Pollution 


For primary bibliographic entry see Field 2F. 
W90-09903 


PESTICIDES IN SOILS AND GROUND 
WATER IN SELECTED IRRIGATED AGRI- 
CULTURAL AREAS NEAR HAVRE, RONAN, 
AND HUNTLEY, MONTANA. 

Geological Survey, Helena, MT. Water Resources 


iV. 

D. W. Clark. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 90-4023, 
1990. 34p, 5 fig, 8 tab, 16 ref. 


Descriptors: *Montana, ‘*Nonpoint pollution 
sources, *Pesticides, *Water pollution sources, 
Carbamates, Organic-acid pesticides, Triazines. 


Three areas in Montana representing a range of 
agricultural practices and applied pesticides, were 
studied to document whether agricultural pesti- 
cides are being transported into the soil and shal- 
low groundwater in irrigated areas. Analytical 
scans for triazine herbicides, organic-acid herbi- 
cides, and carbamate insecticides were performed 
on soil and shallow groundwater samples. The 
results indicate pesticide residue in both types of 
samples. The concentrations of pesticides in the 
groundwater were less than Federal health-adviso- 
ry limits. At the Havre Agricultural Experiment 
Station, eight wells were installed at two sites. All 
four soil samples and two of four water samples 
collected after application of pesticides contained 
detectable concentrations of atrazine or dicamba. 
In an area where seed potatoes are grown near 
Ronan, eight wells were installed at two sites. 
Pesticides were not detected after initial applica- 
tion of pesticides and irrigation water. The site was 
resampled after irrigation water was reapplied, and 
aldicarb metabolities were detected in four of five 
soil samples and one of five water samples. At the 
Huntley Agricultural Experiment Station, five 
wells were installed in a no-tillage corn field where 
atrazine was applied in 1987. Soil and water sam- 
ples were collected in June and July 1988; pesti- 
cides were not detected in any samples. Results 
indicate residue of two pesticides in soil samples 
and three soluble pesticides in groundwater sam- 
ples. Therefore, irrigated agricultural areas in 
Montana might be susceptible to transport of solu- 
ble pesticides through permeable soil to the shal- 
low groundwater system. (USGS) 

W90-09906 


DOCUMENTATION OF THE DEGREE OF 
WASTE TREATMENT PROVIDED BY SEPTIC 
SYSTEMS, VADOSE ZONE AND AQUIFER IN 
INTERMOUNTAIN SOILS UNDERLAIN BY 
SAND AND GRAVEL. 

For primary bibliographic entry see Field 5D. 
W90-09918 


IMPACT OF ADVERSE HYDROLOGICAL 
EVENTS ON BACTERIAL TRANSLOCATION 
IN COARSE SOILS NEAR’ ON-SITE 
WASTEWATER TREATMENT SYSTEMS. 
Colorado State Univ., Fort Collins. Dept. of Agri- 
cultural and Chemical Engineering. 

T. C. Peterson, and R. C. Ward. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, Illi- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 87-93, 2 fig, 15 ref. 


Descriptors: *Bacteria, *Groundwater pollution, 
*Land disposal, *On-site wastewater treatment, 
*Wastewater pollution, *Wastewater treatment, 
*Water pollution sources, Coliforms, Fecal coli- 
forms, Geohydrology, Groundwater movement, 
Infiltration, Path of pollutants, Permeability, Soil 
treatment, Soil water, Unsaturated zone. 


On site wastewater treatment systems placed in 
coarse-grained, shallow soils commonly found in 
the mountains are designed and installed with the 
assumption that most pathogenic organisms will 
not pass unaltered through an unsaturated zone 


located below each system. Transport of most 
pathogenic organisms can be effectively limited by 
a good soil profile of sufficient depth with ade- 
quate amounts of clay, silts, fine sands and organic 
matter. Studies have shown that 0.6 m to 1.2 m (2 
ft to 4 ft) of unsaturated soil below a septic tank 
drain field are sufficient to remove bacteria and 
viruses; greater depths are needed for more perme- 
able and coarse soils. The choice of the 1.2 m (4 ft) 
depth below leach fields was not the result of 
scientific study. A study was conducted: (1) to 
develop a mathematical model of bacterial trans- 
port of pathogenic bacteria in coarse grained soils, 
(2) determine whether 1.2 m (4 ft) of soil depth 
was adequate for removing fecal coliform bacteria 
during extreme rainfall events, and (3) provide 
management of regulatory guidelines for those 
conditions where water contamination is expected. 
Computer simulation studies indicate that enteric 
coliform bacteria have the potential to travel great 
distances in nutrient-poor, coarse-grained soils. 
The enteric coliform bacteria are likely to travel 
beyond the arbitrary 1.2 m of soil under adverse 
hydrological conditions typical in mountainous re- 
gions. (See also W90-09908) (Lantz-PTT) 
W90-09919 


GROUND WATER MODELING WITH UNCER- 
TAINTY ANALYSIS TO ASSESS THE CON- 
TAMINATION POTENTIAL FROM ONSITE 
SEWAGE DISPOSAL SYSTEMS (OSDS) IN 
FLORIDA. 

RSE Group, Tampa, FL. 

D. L. Anderson, J. M. Rice, M. L. Voorhees, R. 

A. Kirkner, and K. M. Sherman. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 264-273, 5 fig, 7 ref. 
State of Florida Department of Health and Reha- 
bilitative Services Contract No. LCNO3. 


Descriptors: *Florida, *Groundwater pollution, 
*Model studies, *On-site wastewater treatment, 
*Path of pollutants, *Wastewater disposal, 
*Wastewater pollution, *Water pollution sources, 
Computer models, Groundwater movement, 
Groundwater quality, Sewer systems. 


Florida’s population increase in recent years has 
made it one of the most rapidly growing states in 
the nation. As of 1986, over 1.5 million families 
were served by on site sewage disposal systems 
(OSDS). These numbers and densities of OSDS 
have caused concern as to whether past and 
present OSDS practices are having adverse im- 
pacts on the groundwater resources of the state. 
Groundwater is the source of > 90% of Florida’s 
drinking water supply. The impact of OSDS use 
on groundwaters, particularly in locations of high 
OSDS densities is being evaluated through com- 
puter simulations of contaminant transport from 
OSDS and also by field monitoring of subdivisions 
utilizing OSDS in other parts of the State. The 
following conclusions are offered: (1) modeling of 
contaminant transport from an assumed subdivision 
source appeared to be a useful tool in assessing the 
potential for contamination of a given hydrogeolo- 
gic region; (2) the model results can give an indica- 
tion of contamination potential which would take 
many years to realize in the field because of the 
slow nature of groundwater flow; (3) modeling 
results estimated that the 10 mg/L nitrate standard 
may be exceeded at aliowable housing densities for 
a 50 acre subdivision utilizing OSDS; (4) while the 
modeling effort was a useful tool, decision making 
based on modeling alone would not be wise since 
conditions in the field are much more complex 
than those used in the model. (See also W90-09908) 
(Lantz-PTT) 

W90-09937 


CONTRIBUTION OF SELECTED TOXIC 
CHEMICALS TO GROUNDWATER FROM DO- 
— ON-SITE SEWAGE DISPOSAL SYS- 
Connecticut Univ., Storrs. Dept. of Agricultural 
Engineering. 

J. J. Kolega, D. W. Hill, and R. Laak. 


IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 274-283, 1 fig, 3 tab, 
8 ref. 


Descriptors: *Chemical wastes, *Connecticut, 
*Groundwater pollution, *On-site wastewater 
treatment, *Soil disposal fields, *Wastewater dis- 
posal, *Water pollution sources, Bacteria, Domes- 
tic wastes, Drinking water, Groundwater quality, 
Hydrocarbons, Nitrates, Path of pollutants, Phos- 
phorus, Potable water, Sewer systems, Volatile 
organic compounds, Water supply. 


The detection of organohalides at different depths 
beneath the primary cell of a septage lagoon posed 
the question of whether a similar condition exists at 
or near onsite sewage disposal system sites. In 
Connecticut, this factor was of particular interest 
to a major water utility, the South Central Con- 
necticut Regional Water Authority (SCCRWA), 
New Haven, Connecticut. The utility concern was 
whether a groundwater well located in an area 
providing potable water to a community could be 
contaminated by household chemicals discharged 
through the on-site sewage disposal system. A 
study was conducted to determine the nature and 
contribution of household toxic chemicals to 
groundwater from domestic on-site sewage dispos- 
al systems. Sites utilized for the investigation were: 
(1) a cluster of four single family residences, each 
on a 0.4 ha (1 acre) plot of land, used to study the 
movement of nitrates, phosphorous, and bacteria; 
(2) three condominiums located in southwestern 
and northwestern Connecticut; (3) a community 
gravity fed on site sewage disposal system; (4) a 
business-residential complex on-site sewage dispos- 
al system; and (5) the RUCK denitrification 
system. The study resulted in identifying 28 com- 
pounds in groundwater, sewage and septic tank 
effluent samples. In addition, there were unidenti- 
fied gas chromatographic peaks (GCP) ranging in 
retention times from 3.22 to 32.38 minutes. The 
total GCP classified as being unidentified were 30. 
It is concluded that volatile organic compounds 
(VOC) and hydrocarbons (HC) from on-site 
sewage disposal systems, if initially present in the 
household sewage discharge, will eventually make 
their way into groundwater. Toluene sand column 
studies show efficient removal of toluene. These 
results suggest that removal of VOC can be 
achieved by redesign of conventional on-site 
sewage disposal leaching fields. (See also W90- 
09908) (Lantz-PTT) 

W90-09938 


VOLATILE ORGANIC COMPOUNDS (VOCS) 
IN SMALL COMMUNITY WASTEWATER DIS- 
POSAL SYSTEMS USING SOIL ABSORPTION. 
Wisconsin Univ., Madison. Dept. of Civil and En- 
vironmental Engineering. 

B. A. Greer, and W. C. Boyle. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 284-293, 7 tab, 9 ref. 


Descriptors: *Absorption, *On-site wastewater 
treatment, *Rural areas, *Soil disposal fields, 
*Volatile organic compounds, *Wastewater dis- 
posal, *Wastewater pollution, *Water pollution 
sources, Domestic wastes, Groundwater pollution, 
Organic compounds, Percolation, Septic tanks, 
Wisconsin. 


The Office of Technology Assessment (OTA) 
identified domestic wastewater subsurface percola- 
tion (e.g., septic tanks and cesspools) as the largest 
source of discharge to groundwater, 820-1460 bil- 
lion gal/yr. The report indicated the presence of 
organic chemicals, inorganic chemicals, and bio- 
logical sources of contamination in the subsurface 
percolation systems. Organic compounds, specifi- 
cally, VOCs (volatile organic compounds) which 
may be present in household domestic wastewater 
discharge are of concern with respect to septic 





tank effiuent (STE) and subsequent groundwater 
contamination. The presence of priority pollutants 
in septic tank absorption systems has only recently 
been investigated. Results of a field study of six 
subsurface field absorption systems in Wisconsin, 
with respect to VOCs present in the effluents and 
adjacent groundwater, are presented. A one year 
study was conducted to determine the presence of 
45 screened VOCs in STE, septage, and ground- 
water at communities using septic tank soil absorp- 
tion systems. Six communities serving populations 
ranging from 10 to 346 persons and ranging in age 
from 1 to 90 years were surveyed. The results 
indicate that: (1) 10 VOCs were found in STE 
from small community soil absorption systems with 
toluene and p-dichlorobenzene being found at the 
greatest frequency; (2) larger communities have 
more VOCs present in STE, possibly the result of 
larger commercial wastewater inputs; (3) septage 
samples generally showed no significant increase in 
concentration of VOCs over STE, with the excep- 
tion of toluene; (4) several VOCs were occasional- 
ly detected in groundwater below sites underlain 
by sandy soils at sites of approximately one year 
old; and (5) VOCs detected in groundwater were 
below preventative action limits set by the Wiscon- 
sin Department of Natural Resources. (See also 
W90-09908) (Lantz-PTT) 

W90-09939 


LESSONS TO BE DRAWN FROM THE PER- 
FORMANCE OF A CONVENTIONAL DRINK- 
ING WATER TREATMENT PLANT DURING 
FALLOUT FROM THE CHERNOBYL ACCI- 
DENT (ENSEIGNMENTS RELATIFS AUX PER- 
FORMANCES D’UNE FILIERE CLASSIQUE 
DE TRAITEMENT D’EAU POTABLE LORS 
DES RETOMBEES DE L’ACCIDENT DE 
TCHERNOBYL). 

Compagnie Intercommunale Bruxelloise des Eaux 
(Belgium). 

W. J. Masschelein, R. Goossens, A. Delville, J. 
Genot, and R. Halleux. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 507-520. 10 fig, 1 tab, 15 ref. English 
summary. 


Descriptors: *Belgium, *Chernobyl, *Drinking 
water, *Fallout, *Isotope studies, *Meuse River, 
*Path of pollutants, *Radioisotopes, Cesium radioi- 
sotopes, Coagulation, Flocculation, Iodine radioi- 
sotopes, Ruthenium radioisotopes, Sludge treat- 
—_ Tellurium radioisotopes, Water treatment fa- 
cilities. 


Ten isotopes were detected in the waters of the 
Meuse in May 1986, arising from fallout from 
Chernobyl. The sludge from a conventional water 
treatment plant proved effective in concentrating 
these isotopes, and the concentration effect made it 
possible to demonstrate the presence of ten or so 
additional isotopes, principally Te-132, I-131, Ru- 
103, Cs-137, and Cs-134. The aggregate of these 
isotopes from the immediate fallout represented, 
for May 1986, a radiological hazard of less than 
20% of the maximum permissible concentrations in 
drinking water for the general public. It should be 
noted that in December 1986 the cesium isotopes 
bound to materials suspended in the water were 
still present in concentrations of 50 to 150 times 
greater than normal. Operating the Tailfer water 
treatment plant during the fallout, plus a tracer 
experiment, enabled us to refine the operating pa- 
rameters of the system and to increase our knowl- 
edge of how accident radioactivity is eliminated by 
coagulation-flocculation. (See also W90-09551) 
(Author’s abstract) 


STUDY OF THE EVOLUTION OF DREDGED 
MATERIAL DISCHARGES BY MEANS OF RA- 
DIOACTIVE TRACERS. 

Commissariat a l’Energie Atomique, Saclay 
(France). Centre d’Etudes Nucleaires. 

F. Tola, A. Caillot, G. Courtois, P. Gourlez, and 
R. Hoslin. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
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um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 663-682. 14 fig. 1 tab, 6 ref. 


Descriptors: *Dredging wastes, *Fate of pollut- 
ants, *Isotope studies, *Radioactive tracers, *Sedi- 
ment transport, *Tracers, Antifer, Bed load, Bel- 
gium, Coasts, France, Harbors, Marine sediments, 
Octeville, Singapore, Zeebrugge. 


The choice of a dumping area for dredged materi- 
als must take into account the general movement 
of sediments in order to evaluate the risk they 
represent for the zone itself, the harbor works, and 
the coastal area. The use of radioactive tracers 
allows the determination of parameters such as 
transport axis, mean velocity, dispersion, dilution, 
and bed load transport rates. A small quantity of 
labelled particles representative of natural sedi- 
ments is introduced into the medium, either direct- 
ly or mixed with dredged material. The transport 
of radioactivity is measured by vertical arrays of 
radiation probes attached to tracking vessels. Four 
experiments which took place at Octeville, Antifer 
(France), Singapore, and Zeebrugge (Belgium) 
were reviewed to illustrate the method. Dredged 
materials discharged off Octeville were found to 
be superficially distributed over the sea bed 18 h 
later, up to 1 km NNE of the discharge site. The 
dredged materials were found to be quite movable, 
compared to sea bed sediments. The risk of recir- 
culation of sand spoils dredged at Antifer was 
assessed, with the conclusion that release of sand 
spoils at more than 2.5 km north of the Antifer oil 
installations represented a fairly low danger for the 
harbor works. A study of the transfer of silt sedi- 
ments at Singapore revealed a double risk: pollu- 
tion of the seashore by mud particles, and silting 
up of harbor works during slack water. The radio- 
active tracer method was employed at Zeebrugge, 
for optimization of channel dredging operations 
there. (See also W90-09551) (MacKeen-PTT) 
W90-09990 


ODOR POLLUTION (MAR 77 - NOV 89). 
National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5G. 
W90-10038 


DREDGING: TECHNOLOGY AND ENVIRON- 
MENTAL ASPECTS (JAN 78 - DEC 88). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 8H. 
W90-10044 


ACID MIND DRAINAGE (JAN 77 - JAN 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-854863. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
January 1989. 226p. 


Descriptors: *Acid mine drainage, *Bibliographies, 
*Wastewater treatment, *Water pollution control, 
*Water pollution sources, Chemical precipitation, 
Chemical treatment, Electrodialysis, Environmen- 
tal effects, Heavy metals, Ion exchange, Mine 
drainage, Mine wastes, Ultrafiltration, Water pollu- 
tion effects. 


This bibliography contains citations concerning the 
control and treatment of acid mine drainage. Tech- 
niques discussed for treating wastes with heavy 
metals include precipitation, cementation, ion ex- 
change, charge membrane, ultrafiltration, ozona- 
tion, solvent extraction, and electrodialysis. The 
environmental impacts of acid mine drainage on 
rivers, streams, and lakes are also discussed. (This 
updated bibliography contains 344 citations, 78 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10046 


HEAVY METALS IN DRINKING WATER: 


STANDARDS, SOURCES, AND EFFECTS (JAN 
77 - DEC 88). 


Sources Of Pollution—Group 5B 


National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-852131. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
December 1988. 122p. 


Descriptors: *Drinking water, *Heavy metals, 
*Water pollution effects, *Water pollution sources, 
Cadmium, Copper, Groundwater pollution, Corro- 
sion, Lead, Manganese, Mercury, Nickel, Regula- 
tions, Water conveyance, Zinc. 


This bibliography contains citations concerning the 
public health aspects and documented studies of 
heavy metal pollutants in drinking water. Topics 
include human exposure studies and the toxicologi- 
cal effects incurred by ingestion of lead, copper, 
nickel, mercury, cadmium, manganese, and zinc. 
Prolonged exposure and quantification factors and 
effects, federal and state regulations and standards, 
and laboratory animal studies are discussed. 
Sources from landfill contamination of groundwat- 
er, acid precipitation contributions to groundwater 
pollution, and corrosion by-products in residential 
plumbing and public water supply transport sys- 
tems are examined. (This updated bibliography 
contains 201 citations, 62 of which are new entries 
to the previous edition). (Author’s abstract) 
W90-10049 


(PMK-GRUNDVAT- 


PMK-GROUNDWATER 
TEN) 


Sveriges Geologiska Undersoekning, Uppsala. 

J. Johnson. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as DE88-757069. 
Price codes: A04 in paper copy, AO1 in microfiche. 
1987. 49p, 5 fig, 8 tab. English summary. 


Descriptors: *Acid rain, *Groundwater quality, 
*Monitoring, *Sweden, *Water pollution sources, 
*Water quality, Alkalinity, Calcium, Chlorides, 
Conductivity, Groundwater level, Heavy metals, 
Hydrogen ion concentration, Nitrates, Nitrites, 
Sulfates, Temperature. 


The project PMK-Groundwaier is monitoring the 
quality of groundwater in Sweden, with a general 
objective to detect long-term changes in the 
groundwater quality caused by diffuse air pollu- 
tion. Samples were collected from 111 stations 
within 36 areas 1-8 times per year. The following 
measurements and analyses are made: groundwater 
level, temperature, pH, conductivity, alkalinity, 
Na, K, Mg, Ca, Al, NH4, NO2, NO3, 02, SO4, F, 
Cl, Fe, Mn Cd, Cr, Cu, Pb, Zn, Si02. A special 
study was also performed in order to examine the 
possibility of zinc contamination, in the samples, 
from filtration. Lead values in the databank were 
corrected. The values were underrated by an order 
of ten due to the incorrect value of the standard 
sample used in the analyses. Throughout the year, 
the pH and conductivity of the sampled ground- 
water were lower than normal, most probably due 
to high groundwater levels. Sulfate values were 
also low. At some stations in the southwestern part 
of Sweden the values of alkalinity, calcium, and 
magnesium were higher than the long-term aver- 
age. One possible explanation was the relatively 
low groundwater levels that occurred during 1986. 
(Author’s abstract) 

W90-10050 


BIODETERIORATION OF OIL SPILLS (JAN 
70 - APR 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5G. 
W90-10058 


RADIOACTIVE CONTAMINATION AND RA- 
DIONUCLIDE MIGRATION IN GROUND- 
WATER (JAN 70 - MAY 839). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-862247. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
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Group 5B—Sources Of Pollution 


May 1989. 139p. 


Descriptors: *Bibliographies, © *Groundwater 
movement, *Path of pollutants, *Radioactive 
wastes, *Radioisotopes, *Water pollution sources, 
Groundwater pollution, Monitoring, Radioactiv- 
ity, Waste disposal, Waste storage. 


This bibliography contains citations concerning the 
contamination of groundwater with radionuclides 
and their subsequent migration. Monitoring sur- 
veys of existing sites with actual or potential radio- 
active groundwater contamination are included. 
Transport and migration models for radionuclides 
in groundwater are discussed. Natural radiation 
and accidental releases are considered in addition 
to anthropogenic sources of radioactive pollution 
such as waste storage and disposal. Contributions 
to radioactive pollution from uranium mining and 
processing is discussed in a separate bibliography. 
(Contains 209 citations). (Author’s abstract) 
W90-10059 


RADIONUCLIDES IN BENTHIC MICRO- 
ALGAE (RADIONUKLIDER I BENTISKA KI- 
SELALGER). 

National Swedish Environment Protection Board, 
Solna. 

M. Notter, and P. Snoeijs. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as DE88-753661. 
Price codes: A03 in paper copy, AO1 in microfiche. 
30p. 6 fig, 1 tab, 16 ref. English summary. 


Descriptors: *Algae, *Benthic environment, 
*Bioaccumulation, *Path of pollutants, *Power- 
plants, *Radioactive wastes, *Radioisotopes, 
*Water pollution effects, *Water pollution sources, 
Bioassay, Biological studies, Cycling water, Dia- 
toms, Seasonal variation, Thermal pollution. 


Benthic micro-algae (mainly consisting of diatoms) 
were taken from 4 sites in the discharge area of the 
Forsmark Nuclear Power Station (Sweden) and 
from 1 site in the cooling water intake channel of 
the power station. Samples were taken every third 
week during 1984. The micro-algae were brushed 
off a 0.1-0.15 sq m area on stones collected from 
the hydrolittoral zone. Radionuclide concentration 
was measured as gamma radiation with a Ge- 
detector. Fission products from the powerplant 
cooling water can easily be detected in the micro- 
algae. It shows that benthic diatom assemblages 
are good indicators for radionuclides; good corre- 
lations were found between radionuclide concen- 
tration in the algae and the discharge from the 
powerplant. The best correlations were obtained if 
the accumulated discharge for the 15 days before 
sampling was used in the calculations. Of the inves- 
tigated radionuclides, Co-60 and Zn-65 show sig- 
nificant relationships between concentration in the 
algae and discharge for 2 sites, Ag-110m for 3 sites 
and Mn-54 for 1 site. No correlations were found 
for the site in the intake channel. The results show 
differences which depend on whether calculations 
were done for total, particulate or dissolved frac- 
tions of the radionuclides. There are indications 
that there is considerable recirculation from the 
outlet of the Biotest basin to the intake channel is 
of about 10%. In this report we also present a 
budget for the total amount of radionuclides in the 
Biotest Basin for 1984, by using available biomass 
data. Despite the highest discharge being during 
July-August (overhaul of the powerplant), the 
highest amounts of radionuclides in diatoms were 
found during late winter and early spring, associat- 
ed with the large diatom blooms at that time of the 
year in the basin. (Author’s abstract) 
0061 


SCAVENGING OF ATMOSPHERIC POLLUT- 
ANTS BY CLOUDS AND PRECIPITATION BY 
MEANS OF A VERTICAL WIND TUNNEL. 
PHASE 1 (AUSWASCHEN VON ATMOSPHAR- 
ISCHEN SPURENSTOFFEN DURCH WOLKEN 
UND NIEDERSCHLAG MITTELS EINES VER- 
TIKALEN WINDKANALS). 

— Univ. (Germany, F.R.). Meteorological 
nst. 

For primary bibliographic entry see Field 2K. 
W90- 10062 


EFFECT OF WATER ISSUES ON SITING OF 
ENERGY PROJECTS, AND THE REVERSE. 
Bureau of Land Management, Washington, DC. 
Div. of Planning and Environmental Coordination. 
For primary bibliographic entry see Field 6G. 
W90-10074 


PROTECTION OF WATER RESOURCES 
FROM OIL AND GAS PRODUCED WATER 
DISPOSAL. 

Bureau of Land Management, Denver, CO. Colo- 
rado State Office. 

For primary bibliographic entry see Field 5G. 
W90-10077 


TAR CREEK: DIVERSION EFFORTS TO- 
WARDS AN UNPOLLUTED FUTURE. 

Black and Veatch, Kansas City, MO. 

For primary bibliographic entry see Field 5G. 
W90-10087 


STREAMFLOW WATER-QUALITY NODE- 
STREAMFLOW MODEL FOR ASSESSING 
MINING-RELATED IMPACTS. 

In-Situ, Inc., Lakewood, CO. 

T. D. Steele, G. P. Saunders, and R. A. Mills. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 309-324. 3 fig, 
2 tab, 22 ref. 


Descriptors: *Coal mining effects, *Colorado, 
*Hydrologic models, *Mathematical models, 
*Model studies, *Streamflow data, *Streamflow 
forecasting, *Water pollution sources, *Water 
quality, Calibration, Hydrology, Regulations, Up- 
stream, Water quality standards. 


A comprehensive node-streamreach, quality-quan- 
tity model has been developed for evaluating ambi- 
ent conditions as well as hydrological impacts in 
streams draining areas undergoing mine-related de- 
velopment. The node configuration of the model 
was dictated by monitoring sites (streamflow and/ 
or water quality) or other points of interest in a 
given stream system. Several alternative data-input 
options were used in a case-study application for a 
small watershed in northwestern Colorado affected 
by coal mining development. Streamflow-estima- 
tion or water-quality data fill-in procedures were 
devised to provide a monthly-incremental data 
base for a 8-year historical period of record used 
for model calibration. Model output by node pro- 
vides a detailed summary by concentration and 
load of interest for each year of data. For assessing 
mine-related impacts, projected mine discharges at 
designated locations in the stream network were 
evaluated in the predictive mode of the model, 
assuming that ambient conditions observed during 
the historical period at sites upstream from the 
mining development would be representative of 
future conditions. The results were a quantitative 
comparison of ambient water quantity and quality 
to regulatory standards, and prediction of probable 
hydrologic consequences of mining. (See also 
W90- 10068) (Author’s abstract) 

W90-10088 


GROUND WATER QUALITY PROTECTION, 
MINING, AND MINING FACILITIES IN 
UTAH. 

Utah Bureau of Water Pollution Control, Salt 
Lake City. 


For primary bibliographic entry see Field 5G. 
W90-10094 


MONTE CARLO SIMULATIONS OF UNSATU- 
RATED FLOW THROUGH LAYERED VOL- 
CANIC TUFFS AT YUCCA MOUNTAIN, 
NEVADA. 

Colorado State Univ., Fort Collins. Dept. of Civil 
Engineering. 

S. A. Loomis, and J. W. Warner. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 439-452. 10 


fig, 3 tab, 4 ref. 


Descriptors: *Geohydrology, *Groundwater 
movement, *Hydrologic models, *Model studies, 
*Nevada, *Path of pollutants, *Radioactive waste 
disposal, Geologic fractures, Hydraulic conductivi- 
ty, Infiltration rate, Monte Carlo method, Nuclear 
powerplants, Spatial distribution, Traveltime. 


A two-dimensional unsaturated flow model was 
developed and applied to the problem of liquid 
water flow in the vicinity of the potential nuclear 
waste repository within the central block under 
Yucca Mountain, Nevada. Three of the hydrogeo- 
logic units were represented as being spatially vari- 
able with respect to saturated hydraulic conductiv- 
ity. A set of Monte Carlo simulations were run 
utilizing realizations of conductivity values derived 
from probability distributions assumed to be repre- 
sentative of the variability in space for the units of 
interest. No attempt was made to preserve any 
spatial correlation structure between conductivity 
values in nearby blocks. A range of travel times 
from the potential repository horizon to the water 
table was computed using a numerical particle- 
tracking method. The surface infiltration rate and 
the orientation of an assumed interface between 
two of the hydrogeologic units were examined as 
to their influence on the travel times. Travel times 
computed for locations not immediately adjacent 
to a highly-transmissive vertical fault zone were 
typically greater than 10,000 years for surface infil- 
tration rates less than 1.0 mm/year. For infiltration 
rates of 2.0 mm/yr and greater some computed 
travel times were reduced to less than 1000 years 
for locations within 300 meters of the fault zone. 
Significant lateral flow at the interface of hydro- 
geologic units having contrasting material proper- 
ties had a strong influence on the computed travel 
times. (See also W90-10068) (Author’s abstract) 
W90-10098 


URANIUM MILL TAILINGS REMEDIAL 
ACTION PROJECT: A RETROSPECTION. 
Weston (Roy F.), Inc., Albuquerque, NM. 

J. B. Pricel, J. E. Brinkmanl, and D. D. Gonzalez. 
IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 539-550. 2 fig, 
10 ref. 


Descriptors: *Cleanup operations, *Mine wastes, 
*Path of pollutants, *Radioactive wastes, *Urani- 
um Mill Tailings Remedial Action, *Waste dispos- 
al, *Water pollution prevention, *Water pollution 
sources, Data collections, Hydrologic models, 
Water quality. 


The Uranium Mill Tailings Remedial Action is a 
program of the U. S. Department of Energy which 
is stabilizing inactive uranium mill tailings. The 
protection of water resources is a key part of 
stabilization. The program serves as an important 
precedent for other programs to control wastes 
including mixed waste. A Technology Develop- 
ment Program within the UMTRA Project devel- 
oped site characterization data and a conceptual 
model for the movement of contaminants in mill 
tailings and their environs. The protection of water 
resources is constrained by other design criteria for 
tailings stabilization. Ongoing characterization and 
modeling of UMTRA Project sites represent a 
large database and multiple site case study which 
should be used as a source of information to devel- 
op portions of the technical approaches and gener- 
ic conceptual models to be used in other waste 
programs. This database includes techniques for 
laboratory quality assurance and infiltration model- 
ing. (See also W90-10068) (Author’s abstract) 
W90-10103 


MODELING ORGANIC POLLUTION OF 
STREAMS. 

Ministry of Works and Development, Hamilton 
(New Zealand). Water Quality Centre. 

G. B. McBride, J. C. Rutherford, and R. D. 
Pridmore. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 





Co., Inc., Lancaster, Pennsylvania. 1988. p 619- 
652, 13 fig, 9 tab, 100 ref. 


Descriptors: *Mathematical models, *Model stud- 
ies, *Path of pollutants, *Stream pollution, *Water 
pollution sources, Computer models, Data collec- 
tions, Dissolved oxygen, Fate of pollutants, La- 
grangian schemes, Mathematical studies, Model 
testing, Numerical analysis, Organic pollutants, 
Streams, Streeter-Phelps Models, Water pollution, 
Water resources management. 


Stream pollutant modeling is potentially useful for 
water resource management. A two-stage process 
is the best strategy for this: first, a simple desk 
study to determine the magnitude of the problem; 
and second, a more detailed study, involving spe- 
cial data collection programs. Modeling studies 
must proceed concurrently with the design and 
operation of data collection programs, to ensure 
that adequate model calibration/confirmation is 
obtained efficiently. Simple models are often the 
most satisfactory because they do not demand ex- 
cessive data collection effort, they are easy to 
calibrate and test, they usually give unique solu- 
tions, and it is easy to describe the assumptions 
upon which they are based. If more complex 
models are to be used, in the hope that they will be 
more accurate and trustworthy for prediction, one 
must be aware of the danger of obtaining a non- 
unique calibration. If numerical models are to be 
used, the potential for numerical dispersion, false 
oscillation and mass conservation errors must first 
be investigated. Lagrangian schemes are recom- 
mended for problems with steep concentration gra- 
dients. Basic and modified Streeter-Phelps models 
are useful for stream dissolved oxygen. (See also 
W90-10104) (Mertz-PTT) 

W90-10126 


DETERMINATION OF HAZARDOUS WASTE 
CONCENTRATION AS A RESULT OF ACCI- 
DENTAL DISCHARGE. 

New England Univ., Biddeford, ME. Div. of Life 
Sciences. 

P. Sereico. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 653- 
662, 3 fig, 3 tab. 


Descriptors: *Environmental effects, *Hazardous 
wastes, *Mathematical models, *Path of pollutants, 
*Spills, Bioconcentration, Biooxidation, Computer 
models, Fate of pollutants, Hydrolysis, Naphtha- 
lenes, Photolysis, Population exposure, Risk assess- 
ment, Volatile organic compounds, Volatilization, 
Water chemistry, Water pollution. 


Hazardous chemical spills are a concern due to 
possible health, safety, and environmental risks. As 
a spilled chemical spreads due to natural diffusion 
or convection it gradually mixes to include the 
body of water cross section and exposes all aquatic 
biota within the water column and water bed to its 
effects. As the distance from the spill increases the 
toxicant concentration decreases due to mixing, 
plus chemical and physical processes taking place 
within the water environment. Mathematical 
models can predict concentrations away from the 
point of discharge dependent on water conditions 
and the chemical and physical characteristics of 
the discharged pollutant. Water body conditions 
include reaeration, dispersion, and transport veloc- 
ity. The chemical and physical properties include 
volatilization, biooxidation, photolysis, hydrolysis, 
and bioconcentration. Photolysis is the reaction of 
an organic compound with radiant energy suffi- 
cient to initiate a chemical reaction. The rate of 
pollutant phytolysis depends on (1) intensity of 
solar radiation, (2) light absorption properties of 
the material, (3) photoreactivity of the material, 
and (4) depth of water. Certain organic compounds 
can react with water to alter the original com- 
pound, often producing products that are less com- 
plex and have smaller molecular weights. This is 
hydrolysis. Volatilization is the ability of a sub- 
stance to transfer from the dissolved state to the 
gaseous state. The rate of volatilization is assumed 
to be first order and is computed in terms of the 
Henry’s Law constant. As an example, the concen- 
tration of nathalene is predicted at three distances 
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from a barge spill that occurred in 1980. 10,000 
pounds of napthalene were discharged into the 
Illinois River. A concentration of 462 mg/L was 
estimated 40 miles away, 70 miles away the con- 
centration should have been 60 mg/L, and 160 
miles away it was 7 mg/L. (See also W90-10104) 
(Mertz-PTT) 

W90-10127 


TRACE CONTAMINANTS IN STREAMS, 
Geological Survey, Menlo Park, CA. 

J. S. Kuwabara, and P. Helliker. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 739- 
765, 3 fig, 7 tab, 131 ref, append. 


Descriptors: *Path of pollutants, *Pollutant identi- 
fication, *Stream pollution, *Streams, *Trace 
levels, *Water pollution, *Water pollution sources, 
Bioaccumulation, Bioindicators, Bottom sampling, 
Food chains, Model studies, Sampling, Water qual- 
ity, Water sampling. 


Water pollution by trace contaminants can result 
from a variety of sources, including industrial dis- 
charges, sewage treatment plant discharges, agri- 
cultural or urban runoff, and sedimentation from 
logging or construction. Monitoring trace contami- 
nants in streams is important in two respects: 
streams act as a source of these contaminants to 
large bodies of water with longer residence times 
and the stream itself supports a biological commu- 
nity that may be drastically affected by the pres- 
ence of trace contaminants. Site selection and sam- 
pling technique are crucial elements in the process 
of determining water quality. Unlike water sam- 
ples, which are only indicators of instantaneous 
conditions, bed sediment can indicate long-term 
trends in the concentration of some of the priority 
pollutants. Due to the tendency of many of the 
priority pollutants to bioconcentrate, fish tissue can 
often be a useful indicator of the presence of trace 
contaminants in streams or rivers. The standard 
one-dimensional advection-dispersion model is 
often used in stream modeling. Chemical reactive 
terms are a logical extension to the physical trans- 
port models, because of the high reactivity of most 
trace contaminants. Submodels that consider such 
chemical reactions are often useful. Biological 
processes have just been recently considered in 
stream models. Biological uptake rate may be con- 
trolled by abiotic and biotic parameters such as 
temperature, light, limiting nutrient concentration, 
and contaminant concentration. Solute fluxes due 
to biological processes involve the interactions be- 
tween trophic levels within the stream community. 
At discrete time intervals, a transport model may 
access a subroutine to iterate on the ingestion, 
sorption, and excretion rates for each food group 
based upon the values computed for the other 
groups. (See also W90-10104) (Mertz-PTT) 
'W90-10130 


DEGRADATION OF METHOMYL IN CHLOR- 
INATED WATER. 

Hawaii Univ., Honolulu. Dept. of Agricultural 
Biochemistry. 

C. J. Miles, and W. C. Oshiro. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 535-540, May 1990. 6 
fig, 7 ref. 


Descriptors: *Chemical degradation, *Chlorina- 
tion, *Detoxification, *Fate of pollutants, *Insecti- 
cides, *Methomyl, *Pesticides, Carbamate pesti- 
cides, Chemical reactions. 


Methomyl, a systemic insecticide sold under the 
trade name Lannate, disappeared rapidly from 
slightly alkaline chlorinated solutions using a chlo- 
rine/methomyl ratio of 10 (1 microM C1/0.1 
microM methomyl). The degradation rate in- 
creased with increasing hypochlorite concentra- 
tion when pH was buffered to 9. A plot of log 
methomyl remaining vs. time was linear for about 
two half-lives of degradation. Half-lives were 9.4 
min at pH 7.6 to 12 min ad pH 8.9. The rate of 
methomyl degradation increased with decreasing 
pH and was too fast to measure accurately below 
pH 7.5. The reaction rate of methomyl with hypo- 
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chlorite increased with increasing temperature 
over the range of 15 to 35 C. Reaction rates of 
methomyl with chloramine (10:1 chloramine/ 
methomyl) were 100 to 1000 times slower than 
with free chlorine and varied little over the pH 
range of 7 to 9. The average reaction rate of 
methomyl and chloramine was 0.00061 per min. 
The half life was 19 h. The initial degradation 
products were methomy]! sulfoxide and N-chloro- 
methomyl, which further degraded to form acetic 
acid, methanesulfonic acid, and dichloromethyla- 
mine. In as much as chlorination is the most widely 
used method of water treatment, it may offer a 
simple route to detoxify pesticides in waste solu- 
tions. (Cassar-PTT) 

W90-10132 


LEACHING AND TRANSFORMATION OF 
GLUFOSINATE-AMMONIUM AND ITS MAIN 
METABOLITE IN A_ LAYERED SOIL 
COLUMN. 

Gesellschaft fuer Strahlen- und Umweltforschung 
m.b.H. Muenchen, Neuherberg (Germany, F. R.). 
Projektgruppe Umweltg 

von Chemikalien. 

H. Behrendt, M. Matthies, H. Gildemeister, and G. 
Gorlitz. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 541-549, May 1990. 4 
fig, 8 tab, 21 ref. 





Descriptors: *Chemical degradation, *Fate of pol- 
lutants, *Herbicides, *Leaching, *Path of pollut- 
ants, *Pesticides, Adsorption, Clays, Glufosinate- 
ammonium, Model studies, Soil columns, Solute 
transport. 


The herbicide glufosinate-ammonium (ammonium- 
DL-homoanalin-4-yl (methyl)phosphinate, abbrevi- 
ated GA) was subjected to leaching and transfor- 
mation studies in layered soil columns for 256 days. 
The 1.1-m columns were filled with 7 cm gravel at 
the bottom, 60 cm of sand in the middle, and 40 cm 
of loamy sand at the top. The surfaces were treated 
with 21 mg GA, which was equivalent to twice the 
recommended 1.5 kg/ha application rate. Water 
was applied weekly to the columns to simulate 
rainfall amounts at Frankfurt/Main. During the 
winter, the columns were moved indoors and 
maintained at a mean of 11.5 C. The leachates were 
monitored for the herbicide and its main metabo- 
lite, 3-methylphosphinico-propionic acid. Results 
were compared with the soil column model 
EXSOL. The mean total percentage leached out of 
the soil column was 0.003 for GA and 0.07 for the 
metabolite. Linear equilibrium sorption coefficients 
and first-order half-lives were used for fitting efflu- 
ent curves for GA and its metabolite. Sorption 
coefficients were compared with values estimated 
from a relation to the clay content derived from 
batch studies. Fitted half-lives were compared with 
the results from die-away and labeled carbon diox- 
ide evolution studies of both substances. The ob- 
served leaching of GA was well simulated using a 
sorption coefficient of 0.5 cu cm/g and a half-life 
of 11.2 days. The half-life fitted for the metabolite 
(10-30 days) was 2 to 3 times smaller than that 
measured with batch degradation experiments. 
(Cassar-PTT) 

W90-10133 


RUNOFF-INDUCED METALS IN LAKES BAY, 
NEW JERSEY. 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 

C. S. Parrish, and C. G. Uchrin. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 559-567, May 1990. 5 
fig, 4 tab, 19 ref. 


Descriptors: *Estuaries, *Heavy metals, *New 
Jersey, *Path of pollutants, *Storm runoff, Cadmi- 
um, Copper, Estuarine sediments, Hurricanes, 
Lakes Bay, Lead, Metals, Nonpoint pollution 
sources, Runoff, Sediments, Storms, Urbanization. 


Background (dry weather) conditions and response 
to storm water runoff inputs of copper, lead, and 
cadmium were determined in the water and sedi- 
ments of Lakes Bay, an estuarine embayment near 
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Atlantic City, New Jersey, which is threatened by 
urbanization. Two major storm events occurred 
during this period; a June 24 storm and Hurricane 
Charlie on August 18. The background levels of 
metals, as determined in the summer of 1986, were 
not significantly differeat than those reported for 
world natural waters. However, significant 
amounts of lead and copper were found to be input 
through a major storm water sewer that discharges 
into a lagoon. A local storm water retention basin 
was not found to be a significant source of metals. 
Cadmium levels were not significantly different 
between dry and wet weather. Sediment concen- 
trations (in microgram/gram) at the 11 stations 
were as follows: lead, 2.41 to 71.5; copper, 1.66 to 
68.1; and cadmium, 0.03 to 0.81. Shortly before the 
hurricane, some stations showed increased leveis of 
copper or lead in water; this was attributed to 
higher-than-average tides. ‘(Cassar- -PTT) 
W90-10135 


PHOTOCHEMICAL DEGRADATION RATES 
OF TETRAPHENYLBORATE AND DIPHEN- 
YLBORIC ACID SENSITIZED BY DISSOLVED 
ORGANIC MATTER IN STREAM WATER. 
Savannah River Ecology Lab., Aiken, SC. 

G. L. Mills, and D. Schwind. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 569-574, May 1990. 7 
fig, 1 tab, 30 ref. Department of Energy Contract 
DE-AC09-76SROO-819. 


Descriptors: *Chemical reactions, *Degradation, 
*Diphenylboric acid, *Fate of pollutants, *Organic 
matter, *Photolysis, *Tetraphenylborate, Borates, 
Boron compounds, Dissolved oxygen, Humic sub- 
stances, Organoborates, Oxygen, Radioactive 
wastes, Waste disposal. 


The photochemical degradation of tetraphenylbor- 
ate (TPB) and diphenylboric acid (DPBA) was 
studied in stream water and humic acid solutions. 
The TPB is intended to be used on the scale of 
300,000 kg/yr to precipitate radioactive wastes, 
mainly 137Cs, at the Savannah River site. The 
rates of indirect photolysis of TPB and DPBA 
were similar and directly proportional to the con- 
centration of stream water dissolved organic 
matter and humic acid for values less than 10 mg/ 
L. Direct photolysis of both organoborates was 
nondetectable during a 2-hr irradiation period. In- 
direct photolysis rates varied only slightly from 
pH 6.0 to 9.0, but increased markedly below pH 
6.0. Removal of dissolved oxygen increased reac- 
tion rates by a factor of 2. The half-life for both 
organoborates in stream water at pH 6.0 was calcu- 
lated to be 10.5 h. Heat sterilization of the stream 
water before photolysis reduced the rate by about 
28% and increased the half-life to 13.2 h. (Cassar- 


PTT) 
W90-10136 


HUMIC ACIDS REDUCE THE PHOTO-IN- 
DUCED TOXICITY OF ANTHRACENE TO 
FISH AND DAPHNIA. 

Miami Univ., Oxford, OH. Dept. of Zoology. 

J. T. Oris, A. T. Hall, and J. D. Tylka. 
Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 575-583, May 1990. 4 
fig, 4 tab, 36 ref. 


Descriptors: *Daphnia, *Fate of pollutants, *Fish, 
*Humic acids, *Organic matter, *Polycyclic aro- 
matic hydrocarbons, *Toxicity, *Water pollution 
effects, Accumulation, Anthracene, Aquatic life, 
Bioaccumulation, Fathead minnows, Invertebrates, 
Irradiation, Photoactivation, Phototoxicity, Ultra- 
violet radiation. 


The effects of dissolved humic materials (DHM) 
on the photo-induced toxicity of anthracene to 
fathead minnows (Pimephales promelas) and 
Daphnia magna were studied in a laboratory 
system under simulated sunlight. In the fathead 
minnow toxicity tests, four concentrations of an- 
thracene (0, 6.6, 13.1, and 19.1 microgram/L) and 
five concentrations of DHM (0, 0.5, 1.0, 3.0, and 
6.0 mg C/L) were achieved. In the daphnia toxici- 
ty tests, four concentrations of anthracene (0, 5.58, 
10.49, and 21.02 microgram/L) and four concen- 
trations of DHM (0, 0.8, 2.7, and 6.9 mg C/L) 


were achieved. DHM significantly reduced acute 
photo-induced toxicity in both organisms. Median 
lethal times (LT50) were directly related to DHM 
concentration and inversely related to water an- 
thracene concentration across the tested ranges of 
each variable. The presence of DHM also reduced 
anthracene bioaccumulation, and LTSO values for 
both fish and daphnia were inversely related to 
body anthracene concentration. It was concluded 
that the photo-induced toxicity of anthracene is 
primarily a fugacity-dependent phenomenon, that 
selective attenuation of the active wavelengths of 
solar ultraviolet radiation by DHM results in a 
decreased level of acute toxicity, and that a 
common mode of acute photo-induced toxicity be- 
tween fish and daphnia exists. (Author’s abstract) 
W90-10137 


SOLUBILITY AND TOXICITY OF EIGHT 
PHTHALATE ESTERS TO FOUR AQUATIC 
ORGANISMS. 

Environmental Research Lab., Duluth, MN. 

For primary bibliographic entry see Field 5C. 
W90-10140 


MULTI-STEADY-STATE TOXICANT FATE 
AND EFFECT IN LABORATORY AQUATIC 
ECOSYSTEMS. 

Oregon State Univ., Corvallis. Oak Creek Lab. of 
Biology. 

For primary bibliographic entry see Field SC. 
W90-10141 


KINETICS OF CHLOROGUAIACOLS AND 
OTHER CHLORINATED PHENOLIC DERIVA- 
TIVES IN RAINBOW TROUT (SALMO GAIRD- 
NERD. 

Bayfield Inst., Burlington (Ontario). 

A. J. Niimi, H. B. Lee, and G. P. Kissoon. 
Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 649-653, May 1990. 1 
tab, 19 ref. 


Descriptors: *Bioaccumulation, *Chlorinated aro- 
matic compounds, *Fate of pollutants, *Fish, 
*Path of pollutants, *Phenols, *Pulp and paper 
industry, Accumulation, Chlorinated vanillins, 
Chloroguaiacols, Ecosystems, Trichlorosyringol, 
Trout. 


Subadult rainbow trout (Salmo gairdneri) were 
exposed to six dichloro to tetrachloroguaiacols, 
two chlorinated vanillins and trichlorosyringol 
through waterborne and dietary exposure. Equilib- 
rium concentrations were attained with 2 days in 
waterborne exposed fish, and bioconcentration fac- 
tors were as follows: 4-chloroguaiacol, <1; 4,5- 
dichloroguaiacol, 111; 4,6-dichloroguaiacol, 56; 
3,4,5-trichloroguaiacol, 268; 4,5,6-trichloroguaia- 
col, 98; tetrachloroguaiacol, 189; chlorovanillins, 
<5; and trichlorosyringol, 125. Dietary exposure 
to a single-dose mixture of the chemicals contain- 
ing approximately 100 micrograms of each chemi- 
cal showed only trace levels after 6 days, except 
for 3,4,5-trichloroguaiacol, which reached trace 
levels by 10 days post-exposure. (Cassar-PTT) 
W90-10142 


ECOLOGICAL FATE, EFFECTS AND PROS- 
PECTS FOR THE ELIMINATION OF ENVI- 
RONMENTAL POLYCHLORINATED _ BI- 
PHENYLS (PCBS). 

Tennessee Univ., Knoxville. Center for Environ- 
mental Biotechnology. 

For primary bibliographic entry see Field 5C. 
W90-10143 


COMPARISONS BETWEEN SEDIMENT 
BIOASSAYS AND ALTERATIONS OF 
BENTHIC MACROINVERTEBRATE ASSEM- 
BLAGES AT A MARINE SUPERFUND SITE: 
COMMENCEMENT BAY, WASHINGTON. 

PTI Environmental Services, Bellevue, WA. 

For primary bibliographic entry see Field 5C. 
W90-10144 


ONE-DIMENSIONAL MASS TRANSPORT IN 
STREAMS WITH ABRUPT CHANGES IN CON- 
CENTRATION AT THE INITIAL SITE. 

For primary bibliographic entry see Field 2J. 
W90-10149 


EFFECT OF PHOSPHORUS PRECIPITATION 
CHEMICALS ON CHARACTERISTICS AND 
AGRICULTURAL VALUE OF MUNICIPAL 
SEWAGE SLUDGES: 3. ANALYTICAL RE- 
SULTS OF SLUDGE TREATED SOILS. 
Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

For primary bibliographic entry see Field 3C. 
W90-10158 


RIVER TRANSPORT OF PHOSPHORUS AS 
CONTROLLED BY LARGE SCALE LAND USE 
CHAN 


Linkoeping Univ. —* Dept. of Water and 
Environmental Research 

For primary bibliographic entry see Field 4C. 
W90-10159 


LABORATORY STUDY OF THE EFFICIENCY 
WITH WHICH AEROSOL PARTICLES ARE 
SCAVENGED BY SNOW FLAKES. 

Mainz Univ. (Germany, F.R.). Inst. of Meteorolo- 
gie. 

For primary bibliographic entry see Field 2C. 
W90-10166 


NUMERICAL SIMULATION OF THE CHEM- 
ISTRY OF A RAINBAND. 

McGill Univ., Montreal (Quebec). Dept. of Mete- 
orology. 

For primary bibliographic entry see Field 2K. 
W90-10167 


CONTRIBUTION OF SULFATE AND DESERT 
AEROSOLS TO THE ACIDIFICATION OF 
CLOUDS AND RAIN IN ISRAEL. 

Tel-Aviv Univ. (Israel). Dept. of Geophysics and 
Planetary Sciences. 

Z. Levin, C. Price, and E. Ganor. 

Atmospheric Environment ATENBP, Vol. 24A, 
No. 5, p 1143-1151, 1990. 8 fig, 3 tab, 25 ref. 


Descriptors: *Acid rain, *Aerosols, *Chemistry of 
precipitation, *Deserts, *Path of pollutants, *Pre- 
cipitation scavenging, ‘*Sulfates, Atmospheric 
chemistry, Cloud chemistry, Clouds, Hydrogen ion 
concentration, Israel, Rain. 


Measurements of the sulfate content in individual 
aerosol particles were carried out on top of a 
mountain in Northern Israel to determine the role 
played by acidic sulfate particles in changing the 
pH of cloud drops. The investigation was carried 
out during the passage of convective clouds over 
the Mt. Meron station in northern Israel. Since 
these clouds developed in cold fronts originating 
from different air masses it was possible to deter- 
mine the role of sulfate as well as desert particies in 
affecting the chemistry of cloud and raindrops. It 
was observed that the cloud dropiets were fre- 
quently very acidic with a pH as low as 2.5. As the 
cloud droplets grew by condensation they became 
less acidic due to dilution. The presence of desert 
particles did not affect the pH of the cloud drop- 
lets since they remained as interstitial particles. 
However, once rain started the pH of the rain- 
drops was found to be as high as 8.2. On these 
occasions the drops contained large amounts of 
dust indicating that the process of scavenging 
either by the cloud drops or by the falling and 
melting graupels is very efficient. Sulfate concen- 
trations in air containing large amounts of dust 
were found to be much higher than on days lack- 
ing dust aerosols. The source of these sulfate parti- 
cles has not yet been identified. (Author’s abstract) 
W90-10168 


MATHEMATICAL MODELING OF CLOUD 
CHEMISTRY IN THE LOS ANGELES BASIN. 
Bechtel Environmental, Inc., San Francisco, CA. 





C. Seigneur, and A. M. Wegrecki. 

Atmospheric Environment ATENBP, Vol. 24A, 
No. 5, p 989-1006, March 1990. 5 fig, 7 tab, 28 ref, 
append. 


Descriptors: *Acid rain, *Chemistry of precipita- 
tion, *Cloud chemistry, *Los Angeles, *Mathemat- 
ical models, *Path of pollutants, Case studies, Hy- 
drogen ion concentration, Model studies, Nitrates, 
Simulation analysis, Sulfates. 


A mathematical model of cloud chemistry was 
evaluated with the cloud chemistry data collected 
from 1981 to 1985 in stratus clouds in the Los 
Angeles Basin. The model simulates atmospheric 
chemistry including gas-phase chemistry, aqueous- 
phase chemistry and droplet mass transfer, vertical 
transport, rainfall and turbulent diffusion. Evalua- 
tion of the model entailed two major parts. First, 
the equilibrium chemistry is evaluated with a total 
of 52 case studies. Then, the model with treatment 
of cloud chemistry, vertical transport and diffusion 
is evaluated with two case studies. The results of 
the model simulations show the importance of 
vertical transport in determining the chemical 
composition of stratiform clouds. Comparison of 
measured and calculated formaldehyde and acetal- 
dehyde concentrations show that the equilibrium 
chemistry of formaldehyde is simulated correctly 
but that a large discrepancy exists between the 
calculated and measured gas liquid distributions of 
acetaldehyde. Two cases were selected to analyze 
the cloud chemistry and vertical transport process- 
es: 25 and 26 May 1985. These two case studies 
were selected because they show significant in- 
creases in nitrate concentrations. A cloud micro- 
physics model was used to estimate the updraft 
velocities which were not otherwise available. The 
simulation of 25 May 1985 does not predict cor- 
rectly the measured cloud species concentrations, 
which suggests that NOx emissions from tall stacks 
may contribute significantly to NOx concentra- 
tions in coastal clouds and that the below-cloud 
concentrations of sulfate and nitrate may not have 
been estimated accurately. The simulation of 26 
May 1985 shows very good agreement between 
calculated and measured values. There was some 
light drizzle observed on that day and the good 
agreement between the calculated and measured 
concentrations of inert species suggests that the 
model simulates well the updraft and rainfall proc- 
esses. Calculated and measured concentrations of 
sulfate and nitrate and acidity (pH) are in good 
agreement. It seems that the model treats satisfac- 
torily the major physical and chemical processes 
for this case study. (Author’s abstract) 

W90-10170 


LABORATORY DETERMINATION OF CHLO- 
RIDE DIFFUSION COEFFICIENT IN AN 
INTACT SHALE. 

University of Western Ontario, London. Geotech- 
nical Research Centre. 

F. S. Barone, R. K. Rowe, and R. M. Quigley. 
Canadian Geotechnical Journal CGJOAH, Vol. 
27, No. 2, p 177-184, April 1990. 8 fig, 5 tab, 16 ref. 


Descriptors: *Chlorides, *Diffusion, *Diffusion co- 
efficient, *Path of pollutants, *Shale, *Solute trans- 
port, Mathematical studies, Pore water, Porosity. 


An experimental investigation of diffusive trans- 
port of a nonreactive solute (chloride) in saturated, 
intact Queenston Shale is described. Laboratory 
tests were performed by placing distilled water in 
contact with samples of shale having a high initial 
concentration of chloride in their pore water. 
Chloride was then permitted to diffuse out of the 
shale and into the distilled water reservoir for a 
period of up to 65 days. At the end of each test, the 
shale sample was sectioned to determine the varia- 
tion in chloride pore water concentration with 
depth through the sample. Fickian diffusion theory 
was then used to deduce the diffusion coefficient 
(D). The experimental diffusion coefficient for 
chloride at a temperature of 22 +/-1 C ranged 
from 1.4 to 1.6 micrometers/sec, which corre- 
sponds to a tortuosity ranging from 0.095 to 0.108. 
Based on pore size measurements and consider- 
ation of the ionic diameter of hydrated chloride, 
the ‘effective porosity’ available for chloride diffu- 
sion is estimated to be greater than 75% of the 
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total porosity calculated from the moisture content 
of the shale. (Author’s abstract) 
Ww90-10171 


TOXIC SPILL INDEX (EMERGENCY RE- 
SPONSE INDEX). 

University of South Florida, Tampa. Dept. of 
Chemistry. 

D. F. Martin, C. Flynn, C. D. Norris, and B. B. 
Martin. 

Journal of Environmental Science and Health (A) 
JESEDU, Vol. 25, No. 3, p 291-297, April 1990. 1 
tab, 5 ref. Florida Department of Environmental 
Regulation Contract DER WM276. 


Descriptors: *Emergency Response Index, *Path 
of pollutants, *Pollution index, *Spills, *Toxicity, 
Chemical spills, Florida, Hazard assessment, Haz- 
ardous materials, Leakage, Oil spills, Performance 
evaluation, Risk assessment, Toxic Spill Index, 
Water pollution effects. 


An index was devised to indicate the magnitude of 
a toxic spill. It is based on the product of four 
values: magnitude of spill (0 to 4, a logarithmic 
scale covering the general amounts spilled with 0 
for unknown and 1 as the least); spill type (0 for 
unknown, 1 for leak, 2 for spill); medium affected 
(0 for unknown, 1 for soil or street leading to soil, 
2 for water or street leading to water, 3 for air); 
and hazard magnitude (0 for unknown, 1 for innoc- 
uous material, 2 to 4 for hazardous substances 
rated according to a table). Total scores range 
from 0 to 96. Problems with the index include 
unknown factors and misinterpretation. Testing of 
the index with 10 examples and 5 volunteers pro- 
duced absolute agreement on 6 spills and an aver- 
age relative standard error of 15% on 3 other 
spills. Of the 50 spills reported to the Florida 
Department of Natural Resources the mean spill 
index was 10 +/-18. (Cassar-PTT) 

W90-10183 


GEOCHEMICAL FACTORS CONTROLLING 
THE MOBILIZATION OF INORGANIC CON- 
STITUENTS FROM FOSSIL FUEL COMBUS- 
TION RESIDUES: I. REVIEW OF THE MAJOR 
ELEMENTS. 

Battelle Pacific Northwest Labs., Richland, WA. 
Environmental Sciences Dept. 

S. V. Mattigod, D. Rai, L. E. Eary, and C. C. 
Ainsworth. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 188-201, April/June 1990. 8 fig, 6 tab, 
15 ref. Electric Power Research Institute Contract 
RP2485-08. 


Descriptors: *Ash, *Geochemistry, *Industrial 
wastes, *Inorganic compounds, *Metals, *Path of 
pollutants, *Water pollution sources, Aluminum, 
Calcium, Coal wastes, Fly ash, Fuel, Iron, Land 
disposal, Leachates, Magnesium, Oil wastes, Potas- 
sium, Silicon, Sodium, Soil contamination, Sulfur, 
Waste disposal. 


Data on physical, chemical, mineralogical, extract, 
and leachate characteristics were compiled and 
reviewed to investigate the mobilization of major 
elements from fossil fuel wastes. Fly ash and 
bottom ash characteristics were similar. Flue gas 
desulfurization (FGD) sludge and oil ash data were 
sparse. The ranges of concentrations of Al, Ca, and 
Fe in these wastes and within soils were similar. 
Concentrations of K, Na, Mg, and S in some 
wastes exceeded their highest concentrations in 
soils. Major constituents of fly ash were quartz, 
glass, and muilite; minor components were anhy- 
drite, lime, periclase, hematite, and magnetite. The 
principal compounds in FGD sludges were sulfites, 
sulfates, carbonates, and Ca hydroxides. The oil 
ashes contained mainly sulfates and oxides of Al, 
Na, Fe, and Mg. Water extracts of fossil fuel 
combustion wastes contained significant fractions 
of Ca, Mg, K, and Na. Leaching of fly ash showed 
that initial leachates contained high concentrations 
of Ca, Na, K, and S, which declined and eventual- 
ly reached steady states. Only negligible Si, Al, Fe, 
and Mg were leached from fly ash. An approach 
combining thermochemical principles with chemi- 
cal and mineralogical data was suggested to pre- 
dict the upper limits of elemental concentrations in 
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leachates. This showed that secondary solid phases 
may control concentrations of Al, Ca, and S in fly 
ash extract and FGD sludge and in pore waters 
from fly ash lysimeters. (See also W90-10184) 
(Cassar-PTT) 

W90-10184 


GEOCHEMICAL FACTORS CONTROLLING 
THE MOBILIZATION OF INORGANIC CON- 
STITUENTS FROM FOSSIL FUEL COMBUS- 
TION RESIDUES: II. REVIEW OF THE 
MINOR ELEMENTS. 

Battelle Pacific Northwest Labs., Richland, WA. 
Environmental Sciences Dept. 

L. E. Eary, D. Rai, S. V. Mattigod, and C. C. 
Ainsworth. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 202-204, April/June 1990. 4 fig, 6 tab, 
104 ref. Electric Power Research Institute Con- 
tract 2485-8. 


Descriptors: *Ash, *Geochemistry, *Industrial 
wastes, *Inorganic compounds, *Metals, *Path of 
pollutants, *Water pollution sources, Adsorption, 
Arsenic, Barium, Boron, Cadmium, Chemical pre- 
cipitation, Chromium, Coal wastes, Copper, De- 
sorption, Fly ash, Fuel, Heavy metals, Hydrogen 
ion concentration, Land disposal, Leachates, Lead, 
Manganese, Mercury, Molybdenum, Nickel, Oil 
wastes, Selenium, Soil contamination, Solubility, 
Solute transport, Strontium, Trace elements, Vana- 
dium, Waste disposal, Weathering, Zinc. 


An approach for understanding the leachate chem- 
istry of fossil fuel wastes (fly ash, flue gas desulfur- 
ization sludge, coal wastes, oil ash) was developed. 
It considers the thermodynamics of specific disso- 
lution/precipitation, adsorption/desorption, and 
redox speciation reactions occurring during weath- 
ering, as well as empirical data. The minor ele- 
ments were grouped according to their geochemi- 
cal properties: chalcophile (As, Cd, Cu, Pb, Se, 
Zn); lithophile (Ba, B, Cr, Mn, Sr, V); and sidero- 
phile (Mo, Ni). The effects of the redox state on 
solubility and the potential causes of redox trans- 
formation were given for the elemerts of interest. 
Eh-pH diagrams further defined the redox specia- 
tion of As, Cr, Cu, Mn, Se, and V. Solubility 
relationships in reducing and oxidizing environ- 
ments expected in a waste disposal environment 
were discussed for each element. This approach 
was believed more suitable than previous studies of 
extraction rates. Fly ash contained high concentra- 
tions of As, B, Pb, Ni, Se, Sr, V, and Zn, and oil 
ash was exceptionally high in Cu, Pb, Ni, V, and 
Zn. The minor elements were found to be uneven- 
ly distributed throughout the wastes, being en- 
riched in the small particles and on particle sur- 
faces. (See also W90-10184) (Cassar-PTT) 
W90-10185 


SOIL NITRATE ACCUMULATIONS FOLLOW- 
ING NITROGEN-FERTILIZED CORN IN 
PENNSYLVANIA. 

Pennsylvania State Univ., University Park. Dept. 
of Agronomy. 

G. W. Roth, and R. H. Fox. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 243-248, April/June 1990. 2 fig, 4 tab, 
22 ref. 


Descriptors: *Fertilizers, *Nitrates, *Path of pol- 
lutants, *Pennsylvania, *Soil chemistry, *Water 
pollution sources, Agricultural runoff, Corn, 
Groundwater pollution, Leaching, Manure, Nutri- 
ents, Runoff, Soil contamination. 


Accumulation of nitrates in soil after fertilization 
of corn was studied in Pennsylvania after contami- 
nation of surface waters and groundwater became 
a serious problem. Soils in nine experiments were 
sampled in 30.5-cm increments to 122 cm after the 
corn harvest of either 1986 or 1987. Five of these 
experiments were resampled the following spring. 
The soils were all limestone-derived silt loams. Soil 
nitrate accumulation to 120 cm, averaged over the 
N rates, ranged from 36 to 295 kg nitrate/ha. Sites 
dressed with manure generally had greater nitrate 
accumulation. At economic optimum nitrogen fer- 
tilizer rates, estimates of soil nitrate accumulation 
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to 120 cm ranged from 41 to 138 kg N/ha. Accu- 
mulations at this application rate averaged 74 kg/ 
ha in nonmanured sites and 94 kg/ha in responsive, 
manured sites. Soil nitrate accumulation in two 
check treatments on manured sites where no yield 
response to N occurred, averaged 169 kg nitrate/ 
ha. In the long-term experiment, soil nitrate accu- 
mulation at the economic optimum N rate in the 
manured system was greater (135 kg N/ha) than in 
the nonmanured system (115 kg N/ha). Changes in 
soil nitrate accumulations between fall and spring 
were variable, but often a substantial accumulation 
remained in the spring. (Cassar-PTT) 

W90-10187 


EXCHANGE OF PHOSPHORUS FROM SHAL- 
LOW SEDIMENTS AT NINE ALBERTA 
LAKES. 

Alberta Univ., Edmonton. Dept. of Zoology. 

For primary bibliographic entry see Field 2H. 
W90-10188 


STREAMS IN THE NEW JERSEY PINELANDS 
DIRECTLY REFLECT CHANGES IN ATMOS- 
PHERIC DEPOSITION CHEMISTRY. 

Rutgers - The State Univ., Camden, NJ. Dept. of 
Biology. 

M. D. Morgan. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 296-302, April/June 1990. 3 fig, 5 tab, 
26 ref. 


Descriptors: *Acid rain, *Air pollution, *Chemis- 
try of precipitation, *New Jersey, *Path of pollut- 
ants, *Stream chemistry, *Water chemistry, 
*Water pollution effects, *Water pollution sources, 
Acidic water, Hydrogen ion concentration, New 
Jersey Pinelands, Precipitation, Streams, Sulfates, 
Water quality. 


The major ion chemistry of precipitation and four 
undisturbed streams (Oswego River, Westecunk 
Creek, East Branch Bass River, and Wading 
River) was measured in the New Jersey Pinelands 
in 1970-1971 and in 1984-1988. Ca concentrations 
(in micromole/liter), corrected for sea salt, in 1970- 
1972 averaged 17.9 in precipitation and 16.8 in 
stream water; in 1984-1988, 9.1 in precipitation and 
11.7 in stream water. Sulfate concentrations (in 
micromole/liter), corrected for sea salt, in 1970- 
1972 averaged 42.7 in precipitation and 51.8 in 
stream water; in 1984-1988, 31.0 in precipitation 
and 36.8 in stream water. The average hydrogen 
ion concentration significantly declined in all 
streams from 57.1 to 34.0 micromole/liter. The 
change in precipitation and stream water Mg and 
K was less consistent but was generally lower in 
1984-1988. The direct effect of precipitation on 
stream water chemistry in at this site suggested 
that it is suitable for long-term studies. (Cassar- 


) 
W90-10193 


SELENIUM IMMOBILIZATION IN A POND 
SEDIMENT AT KESTERSON RESERVOIR. 
Golder Associates, Inc., Alameda, CA. 

For primary bibliographic entry see Field 5G. 
W90-10194 


PROCESSES OF IRON AND MANGANESE RE- 
TENTION IN LABORATORY PEAT MICRO- 
COSMS SUBJECTED TO ACID MINE DRAIN- 
AGE. 

Villanova Univ., PA. Dept. of Biology. 

J. Henrot, and R. K. Wieder. 

Journal of Environmental Quality JEVQAA, Vol. 
19, % 2, p 312-320, April/June 1990. 9 fig, 1 tab, 
41 ref. 


Descriptors: *Acid mine drainage, *Artificial wet- 
land treatment, *Geochemistry, *Iron, *Land 
treatment, *Manganese, *Path of pollutants, *Peat, 
*Wastewater treatment, Biodegradation, Biological 
wastewater treatment, Degradation, Metals, Mi- 
crobial degradation, Mine drainage, Mine wastes, 
Wetlands. 


Despite increasing use of constructed wetlands for 
treatment of metal-enriched acid coal mine drain- 


age, the biotic and abiotic mechanisms of metal 
retention in such wetlands are poorly understood. 
The processes responsible for Fe and Mn retention 
in peat and the effects of microbial activity, pH, 
temperature, and metal concentration in acid coal 
mine drainage were studied in laboratory micro- 
cosms. The 30 g of fresh sphagnum peat was 
repeatedly flushed (up to 108 times) with 20 ml of 
synthetic acid mine drainage water at pH 3.5. Of 
the four major processes of metal cation retention 
in peat (cation exchange, complexation with peat 
organic matter, precipitation as oxide, and precipi- 
tate as sulfide), Fe oxidation and Fe binding on 
peat organics were predominant, with Fe oxides 
and organically bound Fe making up, respectively, 
62 and 22% of the total Fe in the peat at the end of 
the experiment. Fe complexation reached satura- 
tion at 12 mg Fe/g of dry peat; Fe oxide concen- 
tration in peat increased steadily throughout the 
experiment. At pH 3.5 Fe oxide precipitation was 
depressed by the addition of formaldehyde (an 
antimicrobial agent), suggesting that the process 
was microbially mediated. Iron oxide precipitation 
was greater at pH 5.5 than at 3.5 and less depressed 
at pH 5.5 than 3.5 by the presence of formalde- 
hyde. Low temperature (<15 C) diminished the 
efficiency of peat to remove Fe from the drainage 
water as did a high Fe concentration (> 100 mg/ 
liter). Manganese retention in peat was much less 
than that of Fe; the chemical form was almost 
exclusively exchangeable Mn(+-+). Retention of 
Fe(+ +) in peat was not affected by the presence 
of MN(++). Iron oxides accumulated in peat 
were not readily resolubilized by photoreduction, 
microbial Fe(++-+) reduction under reducing 
conditions, and exposure to simulated acid precipi- 
tation. (Cassar-PTT) 

W90-10195 


SEWAGE SLUDGE EFFECTS ON SOIL AND 
PLANT QUALITY IN A DEGRADED, SEMI- 
ARID GRASSLAND. 

For primary bibliographic entry see Field SE. 
W90-10196 


CONTENT AND FRACTIONATION OF HEAVY 
METALS IN WATER TREATMENT SLUDGES. 
Pennsylvania State Univ., University Park. Dept. 
of Agricultural Engineering. 

For primary bibliographic entry see Field SF. 
W90-10197 


EFFECT OF NITRATE AND ORGANIC 
MATTER UPON MOBILITY OF SELENIUM 
IN GROUNDWATER AND IN A WATER 
TREATMENT PROCESS. 

Lawrence Berkeley Lab., CA. Earth Sciences Div. 
O. Weres, H. R. Bowman, A. Goldstein, E. C. 
Smith, and L. Tsao. 

Water, Air and Soil Pollution WAPLAC, Vol. 49, 
No. 3/4, p 251-272, February 1990. 11 fig, 3 tab, 15 
ref. Department of Interior Interagency Agree- 
ment 8-AA-20-06330 and Department of Energy 
Contract DE-AC03-76SF00098. 


Descriptors: *California, *Kesterson Reservoir, 
*Lakes, *Nitrates, *Path of pollutants, *Ponds, 
*Sediments, *Selenium, *Wastewater treatment, 
*Water pollution treatment, *Water quality con- 
trol, Agricultural water, Geochemistry, Ground- 
water pollution, Lake restoration, Organic matter, 
Reservoirs, Wastewater disposal. 


The removal of selenium by natural processes from 
Kesterson Reservoir, California, was studied in the 
laboratory. This body served as a storage and 
evaporation facility for Se-contaminated agricul- 
tural drain water. Column studies of the pond 
water and organic-rich sediment showed that the 
presence of nitrate destroyed the ability of the 
pond sediment to remove Se. This was attributed 
to the mildly oxidizing conditions which inhibited 
microbial fixation of Se. In the absence of nitrate, 
relatively reducing conditions prevailed and Se 
was quickly removed. Glucose in the presence of 
nitrate also produced good Se removal. A small 
pilot plant was set up to duplicate the natural Se 
removal process at the reservoir. From September 
through November 11 the Se concentration in the 
tank was only slightly lower than in the feed water 


120 


(200 to 350 ppb). When the nitrate started to break 
through the sediment on about day 50, Se concen- 
trations began to increase. Typically, this water 
treatment removed about 94% of the Se and con- 
verted an additional 2% to volatile form. Roughly 
40% of the nitrate was removed from the water in 
the main tank. When nitrate-rich water (127 mg/L) 
was placed in the pilot system, the sediment could 
no longer remove Se from the water. Column 
studies with mineral soils (no significant organic 
matter) collected from the reservoir. Both nitrate 
and sterilization of the soil blocked Se removal. 
(Cassar-PTT) 

W90-10201 


LIMITED DOWNWARD MIGRATION OF 
POLLUTANT METALS (CU, ZN, NI, AND PB) 
IN ACIDIC VIRGIN PEAT SOILS NEAR A 
SMELTER. 

Basilicata Univ., Potenza (Italy). Ist. di Chimica 
Agraria e Forestale. 

S. Dumontet, M. Levesque, ard S. P. Mathur. 
Water, Air and Soil Pollution WAPLAC, Vol. 49, 
No. 3/4, p 329-342, February 1990. 1 fig, 5 tab, 29 
ref. 


Descriptors: *Heavy metals, *Industrial wastes, 
*Path of pollutants, *Peat, Air pollution, Cadmi- 
um, Canada, Copper, Deposition, Lead, Metals, 
Nickel, Phytotoxicity, Quebec, Smelters, Soil con- 
tamination, Toxicity, Zinc. 


The distribution of pollutant heavy metals was 
determined in 11 acidic virgin peat profiles located 
along two transects (north-northeast and east- 
southeast) moving away from a smelter plant in the 
Noranda region of Quebec. Metals were measured 
in 15-cm levels up to 100 cm at some sites. The 0 to 
15-cm level nearest the smelter contained the high- 
est metals concentrations. On the north-northeast 
transect at 1 km from the smelter and in the 0 to 
15-cm layer metals concentrations (ppm) were Cu, 
5525; Zn, 884; Ni, 17; Cd, 66, and Pb, 1617. These 
decreased to 134, 125, 7, 7.8, and 190 ppm, respec- 
tively, at 25 km from the smelter. On the east- 
southeast transect at 3.7 km and in the 0 to 15-cm 
layer metals concentrations (ppm) were Cu, 1803; 
Zn, 799; Ni, 25; Cd, 54; and Pb, 856. These de- 
creased to 28, 251, 14, 5.5, and 122 ppm, respec- 
tively at 42.5 km. The pH of the peat decreased 
with distance from the smelter, from 4.4 near the 
smelter to 2.9 at 25 km. The threshold for phyto- 
toxicity from metals was reached at three sites. For 
copper, the whole 100-cm depth seemed to have 
been enriched to various extents at several sites. 
For the other metals, concentrations dropped off 
sharply in the 15 to 30-cm layer and usually 
reached a minimum in the second or third 15-cm 
layer. The distribution and enrichment ratios in the 
profiles showed that Cu, Zn, and Cd had relatively 
greater mobility than Pb. (Cassar-PTT) 

W90-10203 


EFFECTS OF ROAD DEICING SALT ON 
CHLORIDE LEVELS IN FOUR ADIRONDACK 
STREAMS. 

State Univ. of New York Coll. of Environmental 
Science and Forestry, Newcomb. Adirondak Eco- 
logical Center. 

C. L. Demers, and R. W. Sage. 

Water, Air and Soil Pollution WAPLAC, Vol. 49, 
wg 3/4, p 369-373, February 1990. 2 fig, 1 tab, 7 
ref. 


Descriptors: *Chlorides, *Deicers, *Lakes, *Path 
of pollutants, *Runoff, *Salts, *Streams, Adiron- 
dack Mountains, New York, Rich Lake, Roads, 
Water pollution sources. 


A two-year study was conducted in 1987 and 1988 
to determine the effects of road salt runoff from 
New York State highway 28N on chloride levels 
in four tributary streams to Rich Lake in the 
central Adirondack Mountains of New York. All 
four study streams showed significant increases in 
chloride concentrations at sampling stations locat- 
ed 50 and 100 m downstream from the highway. 
Chloride concentrations in downstream samples 
were as much as 31 times higher than comparative 
upstream samples. Mean chloride concentrations 





(mg/L) 100 m downstream in the four brooks were 
1.77, 17.03, 7.54, and 3.58. Elevated chloride levels 
continued throughout the 6-month period follow- 
ing the end of winter salt applications. A water 
chemistry profile developed for Rich Lake re- 
vealed a slight increase in chloride content at 
lower depths. At 18 m depth, chloride was 3.69 
mg/L which was 2.5 times higher than the 2-m 
depth chloride level of 1.50 mg/L. (Cassar-PTT) 
W90-10204 


INVESTIGATION OF AN ALUMINUM HY- 
DROXIDE INCRUSTATION IN A RURAL 
WATER SUPPLY (ALUMINIUMHYDROXID- 
ABLAGERUNG IN EINER WASSERLEITUNG). 
Bonn Univ. (Germany, F.R.). Hygiene Inst. 

H. F. Schoeler, K. Frensch, and D. Schoenen. 
Zeitschrift fuer Wasser - und Abwasser Forschung 
ZWABAQ, Vol. 23, No. 2, p 45-48, April 1990. 2 
fig, 3 tab, 19 ref. English summary. 


Descriptors: *Aluminum hydroxide, ‘*Pipes, 
*Water pollution sources, *Water supply, *Water 
treatment, Chemical precipitation, Rural areas, 
Trace metals, Water quality. 


In a rural water supply of the Eifel mountains, 
incrustations of a pipe network were investigated 
by means of microbeam analysis. Aluminum was 
found as the main constituent with traces of iron, 
silicate, sulfate, potassium, and sodium. The raw 
water had a pH of 5.0 and an Al content of 7.5 to 
14 mg/L. After filtration through magnesium lime- 
stone, the pH increased to 7.65. During transport 
to an elevated reservoir, Al precipitated as alumi- 
num hydroxide and pH decreased to 6.3. (Author’s 
abstract) 

W90-10205 


SOLUBILITY OF MAJOR SPECIES IN PRE- 
CIPITATION: FACTORS OF VARIATION. 
Paris-7 Univ. (France). Lab. de Physico-Chimie de 
l’Atmosphere. 

For primary bibliographic entry see Field 2K. 
W90-10210 


ATMOSPHERIC POLLUTION IN BEIJING, 
CHINA, AS RECORDED IN SEDIMENTS OF 
THE SUMMER PALACE LAKE, 

Academia Sinica, Beijing (China). Research Center 
for Eco-Environmental Sciences. 

M. Z. Mao, J. Y. Liu, K. K. Bertine, M. Koide, 
and E. D. Goldberg. 

Environmental Conservation EVCNA4, Vol. 16, 
No. 3, p 233-236, Autumn 1990. 5 tab, 9 ref. 


Descriptors: *Air pollution, *Coal, *Fly ash, 
*Heavy metals, *Lake sediments, *Sediment con- 
tamination, Aluminum, Beijing, China, Compari- 
son studies, Copper, Emission control, Iron, Lead, 
Magnesium, Magnetite, Manganese, Nickel, Sedi- 
ment analysis, Titanium, X-ray fluorescence, Zinc. 


The sediments of the Summer Palace Lake were 
analyzed to determine the historical records of 
metal pollution resulting from extensive coal-burn- 
ing and industrial activity in Beijing. Standard x- 
ray fluorescence methods were used to analyze 
metals; valid time-frame was based upon Pb-210 
geochronology; and the magnetic susceptibility 
measurements used on an AC bridge. Increase 
levels of some metals (Zn, Cu, Ni, Fe, Mn, Ti, Al, 
Mg and Pb) occur within the uppermost 7 cm 
(corresponding to the last fifty years. Magnetite 
concentrations measurably increase towards the 
surface at about 4 cm depth, which corresponds to 
about AD 1958. Both the heavy metals and magne- 
tite concentrations in the upper sediment layer 
indicate their origin in fly ash. The fluxes of heavy- 
metals and the fly-ash component magnetite from 
coal-burning, to sediments of the Lake have in- 
creased measurably over the last fifty years. The 
excess metal contents and the magnetite are attrib- 
uted to the combustion of coal. These fluxes can be 
reduced by the installation of appropriate emission 
controls at the coal-burning facilities . (Feder- 


PTT) 
W90-10214 
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ADSORPTION AND DESORPTION OF 
PERCHLOROETHYLENE IN SOILS, PEAT 
MOSS, AND GRANULAR’ ACTIVATED 
CARBON. 

Windsor Univ. (Ontario). Dept. of Civil Engineer- 
ing. 

R. Zytner, N. Biswas, and J. K. Bewtra. 

Canadian Journal of Civil Engineering CJCEB8, 
Vol. 16, No. 6, p 798-806, December 1989.5 fig, 10 
tab, 45 ref. 


Descriptors: *Activated carbon, *Adsorption-de- 
sorption, *Granular activated carbon, *Path of pol- 
lutants, *Soil contamination, *Sphagnum, Adsorp- 
tion kinetics, Groundwater pollution, Hydrogen 
ion concentration, Isotherms, Organic solvents, 
Peat soils, Perchloroethylene. 


One of the most frequently found organic chemi- 
cals in groundwater is perchloroethylene (PCE), a 
common dry cleaning solvent. Very little informa- 
tion is available in the literature to predict the 
behavior of PCE in soil as it migrates toward the 
groundwater. Of all the processes involved in this 
migration, adsorption is considered the most signif- 
icant. Studies were conducted to evaluate the ad- 
sorption-desorption isotherms of PCE, in two soils, 
peat moss, and granular activated carbon. The 
results obtained followed the Freundlich Isotherm, 
and the organic carbon content of the media was 
the most significant controlling factor in the ad- 
sorption-desorption process. The peat moss exhib- 
ited the highest residual saturation concentration 
for pure PCE amongst all the media tested. The 
desorption studies indicated that PCE had medium 
mobility in soil and was not significantly affected 
by moderate changes in pH. (Creskoff-PTT) 
W90-10233 


CALCULATING THE LOAD OF ORGANIC 
CARBON TO THE APHOTIC ZONE IN EU- 
TROPHICATED COASTAL WATERS. 

Tromsoe Univ. (Norway). Inst. for Biologi og 
Geologi. 

P. Wassmann. 

Marine Pollution Bulletin MPNBAZ, Vol. 21, No. 
4, p 183-187, April 1990. 3 fig, 1 tab, 22 ref. 


Descriptors: *Aphotic zone, *Coastal waters, *Dis- 
solved organic carbon, *Eutrophication, *Organic 
carbon, *Path of pollutants, Atlantic Ocean, Math- 
ematical analysis, Mathematical equations, Ocean 
bottom, Water pollution effects. 


The load of particulate organic carbon (POC) 
during lengthy time intervals to the aphotic zone 
and the bottom of coastal areas of the boreal North 
Atlantic can be expressed by a power model relat- 
ing the sedimentation of POC out of the euphotic 
zone to the total primary production. The load of 
POC can be calculated with high precision when 
the total primary production is known and hori- 
zontal transport of water is of minor significance. 
The trend in annual total primary production esti- 
mates from the Kattegat was studied for a time 
interval of 40 years. A substantial increase was 
recorded in the southern Kattegat and interpreted 
as a consequence of eutrophication. The sedimen- 
tation of POC increased by about 140 and 250% 
during that time period. The increase in the POC 
flux to the aphotic zone is sufficient to reduce the 
oxygen concentration in a 8 m deep layer of 
bottom water to zero. The wide spread occurrence 
of low oxygen concentrations and anoxia can thus 
be easily explained by increased export of organic 
matter to the bottom layer due to eutrophication. 
Combined primary production and sedimentation 
measurements as well as the use of mathematical 
models for the estimation of the organic carbon 
load to the aphotic zone represent a new and 
promising approach to study, monitor, and control 
marine eutrophication. (Author’s abstract) 
W90-10242 


PATTERNS OF CYCLIC ORGANOCHLORINE 
CONTAMINATION IN LIVERS OF MALE 
PLEURONECTIFORMES FROM THE NORTH 
SEA, WINTER 1987. 

Hamburg Univ. (Germany, F.R.). Inst. fuer Bio- 
chemie und Lebensmittelschemie. 

R. Knickmeyer, and H. Steinhart. 


Sources Of Pollution—Group 5B 


Marine Pollution Bulletin MPNBAZ, Vol. 21, No. 
4, p 187-189, April 1990. 4 fig, 1 tab, 18 ref. 


Descriptors: *Chlorinated hydrocarbons, *Fate of 
pollutants, *Fish, *North Sea, *Path of pollutants, 
*Pesticide residues, *Water pollution sources, 
DDE, Gas chromatography, Hexachlorobenzene, 
Lindane, Polychlorinated biphenyls, Tissue analy- 
sis. 


Regional differences in some organochlorines 
during winter were determined in the livers of 
male flatfish of the North Sea. Gas chromatogra- 
phy showed that the livers were most contaminat- 
ed with PCBs (0.18-2.3 microg/g), followed by 
p,p’-DDE (15-915 ng/g), Lindane (2-95 ng/g) and 
hexachlorobenzene (2-62 ng/g). The contamination 
corresponds to the input pattern of rivers to the 
North Sea. (Creskoff-PTT) 

W90-10243 


EFFECT OF POLLUTION SOURCES ON 
METAL CONCENTRATION IN SEDIMENT 
a FROM THE GULF OF AQABA (RED 
). 

Yarmouk Univ., Irbid (Jordan). Dept. of Earth and 
Environmental Sciences. 

A. H. Abu-Hilal, and M. M. Badran. 

Marine Pollution Bulletin MPNBAZ, Vol. 21, No. 
4, p 190-197, April 1990. 3 fig, 3 tab, 39 ref. 


Descriptors: *Metals, *Sediment analysis, *Trace 
metals, *Water pollution sources, Cadmium, 
Cobalt, Copper, Distribution patterns, Gulf of 
Aqaba, Iron, Jordan, Lead, Manganese, Organic 
carbon, Path of pollutants, Red Sea, Zinc. 


Sediments in the northeastern portion of the Gulf 
of Aqaba, Jordan, contain high Cd, Co, Cu, Fe, 
Mn, Pb, and Zn concentrations which originated 
from metal pollutants discharged into the water of 
the Gulf from permanent sources of pollution. The 
contribution of each source to the selected site was 
assessed on the basis of metal abundances, patterns 
of distribution, relative proportions of metals and 
other sediment parameters. The pattern of trace 
metal distributions in sediments follows the distri- 
bution of organic carbon. In the heavily polluted 
sites in a port area and near sewage outlets, the 
surface and vertical distributions of trace elements 
are similar to the distributions of organic carbon, 
total phosphate-phosphorus and fluoride which 
were derived over the past three decades from 
local release from deposited phosphate rock parti- 
cles, raw sewage, old barges, boat and ship activi- 
ties in addition to the recent industrial discharges 
in the southern section of the study area. A linear 
and significant relationships was observed between 
the values of the acid leachable (biologically avail- 
able) and the corresponding total element concen- 
tration for Cd, Co, Cu, Pb, Zn, and Fe. (Creskoff- 


PTT) 
W90-10244 


PENETRATION MODEL PARAMETER ESTI- 
MATION FROM DYNAMIC PERMEABILITY 
MEASUREMENTS. 


Toledo Univ., OH. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 2G. 
W90-10246 


CADMIUM BUFFERING CAPACITY AND AC- 
CUMULATION IN SWISS CHARD IN SOME 
SLUDGE-AMENDED SOILS. 

Washington State Univ., Puyallup. Western Wash- 
ington Research and Extension Center. 

For primary bibliographic entry see Field SE. 
W90-10248 


NITROGEN MANAGEMENT AND NITRIFICA- 
TION INHIBITOR EFFECTS ON NITROGEN- 
15 UREA: I. YIELD AND FERTILIZER USE 
EFFICIENCY. 

Nebraska Univ., Lincoln. Dept. of Agronomy. 

For primary bibliographic entry see Field 5G. 
W90-10249 
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NITROGEN MANAGEMENT AND NITRIFICA- 
TION INHIBITOR EFFECTS ON NITROGEN- 
15 UREA: II. NITROGEN LEACHING AND 
BALANCE. 

Nebraska Univ., Lincoln. Dept. of Agronomy. 

For primary bibliographic entry see Field 5G. 
W90-10250 


NITROGEN-FERTILIZATION RATE AND 
SOIL NITRATE DISTRIBUTION FOR MI- 
CROIRRIGATED SUGARCANE. 

Gulf Coast Research and Education Center, Bra- 
denton, FL. 

C. D. Stanley, R. E. Green, M. A. Khan, and L. T. 
Santo. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 217-222, January/February 1990. 
7 fig, 11 ref. 


Descriptors: *Agriculture, *Fertilizers, *Irrigation, 
*Nitrates, *Nitrogen compounds, *Path of pollut- 
ants, *Soil analysis, *Water pollution sources, Ag- 
ricultural chemicals, Field tests, Groundwater pol- 
lution, Root zone, Water management. 


Concern continues to grow over the fate of chemi- 
cals used in agricultural production and the associ- 
ated potential for groundwater contamination. 
Management practices can directly influence the 
efficiency of inorganic fertilizer use by crops, and 
can affect the amount that moves away from the 
root zone. A field study was conducted to investi- 
gate the effect of three N-fertilization rates (17.8, 
9.1, and 6.0 kg/ha/wk) on NO3 distribution and 
movement for the first 24 wk of growth of microir- 
rigated sugarcane (Saccharum officinarum L. ) 
grown on a Wahiawa silty clay (clayey, kaolinitic, 
isohyperthermic Tropeptic Eutrustox). One un- 
cropped treatment receiving 9.1 kg/ha/wk was 
included for evaluation without crop uptake. The 
plots received irrigation daily, with N being ap- 
plied once weekly. Clusters of soil-solution extrac- 
tion tubes were installed at depths of 15, 45, and 75 
cm from the soil surface and 0, 30.5, 61, 91.5, and 
122 cm away from microirrigation emitters to de- 
termine NO3 distribution patterns on a weekly 
basis. Soil water potential was monitored with 
tensiometers placed at similar locations. Results 
showed that all N levels were applied excessively 
early in the season and exhibited NO3 leaching 
beyond the root zone. Data collected at 22 wk 
after planting showed that the 6.0 kg/ha/wk rate 
had low NO3 concentrations through the soil pro- 
file, indicating a N-rate closer to crop require- 
ments. Daily irrigation applications were probably 
excessive and may have contributed to loss of NO3 
from the root zone for all treatments. This study 
demonstrated that a dynamic approach to fertiliza- 
tion and irrigation needs to be developed to mini- 
mize water and nutrient losses from the crop root 
zone. (Author’s abstract) 

W90-10255 


AMMONIA VOLATILIZATION FROM UREA 
AS INFLUENCED BY SOIL TEMPERATURE, 
SOIL WATER CONTENT, AND NITRIFICA- 
TION AND HYDROLYSIS INHIBITORS. 
Minnesota Univ., St. Paul. Dept. of Soil Science. 
D. E. Clay, G. L. Malzer, and J. L. Anderson. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 263-266, January/February 1990. 
2 fig, 17 ref. 


Descriptors: *Agriculture, *Ammonia, *Fertilizers, 
*Nitrification, *Path of pollutants, *Soil tempera- 
ture, *Soil water, *Volatility, *Water pollution 
sources, Field tests, Hydrogen ion concentration, 
Hydrolysis, Inhibitors, Laboratory methods, Soil 
analysis, Soil physical properties, Ureas, Vegetable 
crops. 


Residue cover influences temperature and water 
gradients in the soil profile. Changes in the physi- 
cal environment of the soil influence NH3 volatili- 
zation from urea-containing fertilizers. Field and 
laboratory experiments were conducted to investi- 
gate the influence of residue-cover-induced 
changes in soil water and temperature on NH3 
volatilization as impacted by urea treatment with a 
nitrification and urease inhibitor. Fertilizer treat- 
ments were urea, urea plus dicyandiamide (DCD), 


urea plus N-(n-butyl)thiophosphoric  triamide 
(NBPT), and urea plus NBPT and DCD. Follow- 
ing fertilizer application, the soil was either left 
bare or covered with corn (Zea mays L.) residue. 
Every 3 h over a 4-d period, water potential, soil 
temperature, CO2 production, and NH3 volatiliza- 
tion were measured. The influence of fertilizer 
treatments on soil pH was determined in a labora- 
tory incubation experiment conducted over 8 d 
under controlled environmental conditions. Treat- 
ments were similar to the field experiment, with 
NH3 volatilization, pH and CO2 production meas- 
ured daily. The NH3-volatilization rate in the field 
was highest 2 d after urea application at a time that 
corresponded with daily maximum soil tempera- 
ture and decreasing soil water content. Residue 
cover reduced NH3 volatilization. Volatilization of 
NH3 as a result of urea application was not in- 
creased when urea was treated with DCD. Ammo- 
nia volatilization as a result of urea treatment with 
PT was reduced by 100 times over untreated 
urea. During an incubation experiment, soil pH 
increased from 6.5 to 7.2 in the urea-NBPT, and 
from 6.5 to 9.0 in the urea and urea-DCD treat- 
ments. Associated with the pH increase in the 
urea-NBPT treatment was a reduction in CO2 
production when compared with the untreated 
soil. (Author’s abstract) 
W90-10256 


SEASONAL VARIATION IN COPPER AND 
ZINC CONCENTRATIONS IN THREE TALI- 
TRID AMPHIPODS (CRUSTACEA). 

Queen Mary Coll., London (England). Centre for 
Research in Aquatic Biology. 

P. S. Rainbow, and P. G. Moore. 

Hydrobiologia HYDRB8, Vol. 196, No. 1, p 65-72, 
May 1990. 2 fig, 8 tab, 8 ref. 


Descriptors: *Amphipods, *Bioaccumulation, 
*Copper, *Path of pollutants, *Seasonal variation, 
*Zinc, Cumbrae Island, Scotland, Tissue analysis. 


Cu and Zn concentrations were determined for 
three talitrid amphipods, Orchestia gammarellus 
(Pallas), O. mediterranea Costa and Talitrus salta- 
tor (Montagu), collected at two-monthly intervals 
in 1987 from sites on Great Cumbrae Island, Firth 
of Clyde, Scotland. To account for size effects, log 
transformed Cu and Zn concentrations were re- 
gressed against log dry weight for each bimonthly 
sample of each species, and compared by analysis 
of covariance. Copper concentrations in O. gam- 
marellus were significantly raised in March 1987, 
and lowered in November 1987. Copper concen- 
trations in O. mediterranea and T. saltator were 
significantly lower in November 1987. Cu concen- 
trations differed interspecifically in the order O. 
gammarellus > O. mediterranea > T. saltator. 
There was no significant intraspecific seasonal var- 
iation in zinc concentration in any of the three 
species. Zn concentrations differed interspecifical- 
ly in the order T. saltator > O. gammarellus > O. 
mediterranea. (Author’s abstract) 

W90-10270 


LOCATION OF COPPER IN LARVAE OF 
PLECTROCNEMIA CONSPERSA (CURTIS) 
(TRICHOPTERA) EXPOSED TO ELEVATED 
METAL CONCENTRATIONS IN A MINE 
DRAINAGE STREAM. 

Plymouth Polytechnic (England). Dept. of Biolog- 
ical Sciences. 

S. T. Darlington, and A. M. Gower. 
Hydrobiologia HYDRB8, Vol. 196, No. 1, p 91- 
100, May 1990. 5 fig, 1 tab, 19 ref. 


Descriptors: *Bioaccumulation, *Caddisflies, 
*Copper, *Mine drainage, *Path of pollutants, 
Aquatic insects, Stream biota, Sulfur, Toxicity, 
Trace metals. 


Using histological techniques together with trans- 
mission electron microscopy and X-ray microana- 
lysis, copper-containing granules (which also con- 
tain significant amounts of sulfur) have been ob- 
served in the cells of the malpighian tubules and in 
the subcuticular region of larvae of Plectrocnemia 
conspersa. it is suggested that the granules in both 
these regions are primarily pigment granules, 
which provide a mechanism for taking potentially 


toxic concentrations of copper (and possible other 
metals) out of circulation. This mechanism of metal 
tolerance may in part account for the reported 
occurrence of larvae of P. conspersa in waters 
with elevated concentrations of trace metals. (Au- 
thor’s abstract) 

W90-10271 


DISTRIBUTION O¥ METALS IN A POLLUT- 
ED AQUIFER: A COMPARISON OF AQUIFER 
SUSPENDED MATERIAL TO FINE SEDI- 
MENTS OF THE ADJACENT ENVIRONMENT. 
Weizmann Inst. of Science, Rehovoth (Israel). 
Dept. of Isotope Research. 

M. Magaritz, A. J. Amiel, D. Ronen, and M. C. 
Wells. 


Journal of Contaminant Hydrology JCOHE6, Vol. 
5, No. 4, p 333-347, May 1990. 3 fig, 3 tab, 39 ref. 


Descriptors: *Aquifers, *Groundwater pollution, 
*Heavy metals, *Israel, *Path of pollutants, 
*Wastewater irrigation, Agricultural runoff, 
Copper, Iron, Leaching, Manganese, Silver, Sus- 
pended solids, Water pollution sources, Zinc. 


Metal concentrations were determined for ground- 
water suspended matter from a site in the coastal 
aquifer of Israel which has been irrigated with 
secondary sewage effluents since the 1960’s. Sus- 
pended matter was collected from the aquifer satu- 
rated zone by pumping and by a multi-layer sam- 
pler. Fine sediments were collected from both the 
unsaturated and saturated zones of the contaminat- 
ed aquifer, as well as from an adjacent uncontamin- 
ated environment. Ag, Cu, Fe, Mn and Zn were 
leached from the samples in three sequential chem- 
ical extractions which are taken to represent the 
carbonate, organic and oxide phases. Comparison 
of the aquifer samples to those of the adjacent 
environment showed that Fe and Mn are primarily 
enriched in non-mobile fine sediments and not in 
suspended matter, whereas the concentrations of 
Zn, Cu and Ag show up to an order of magnitude 
enrichment in the mobile suspended matter in 
groundwater. The enrichment of these metals in 
the suspended matter indicates that metals from 
sewage effluents and agricultural activities have 
reached the groundwater. (Author’s abstract) 
W90-10278 


MODELING MULTICOMPONENT ORGANIC 
CHEMICAL TRANSPORT IN THREE-FLUID- 
PHASE POROUS MEDIA. 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental and Hazardous 
Material Studies. 

J. J. Kaluarachchi, and J. C. Parker. 

Journal of Contaminant Hydrology JCOHE6, Vol. 
5, No. 4, p 349-374, May 1990. 12 fig, 2 tab, 21 ref, 
append. EPA Contract CR-812073-01. 


Descriptors: *Mathematical models, *Model stud- 
ies, *Multiphase flow, *Organic compounds, *Path 
of pollutants, *Porous media, Diffusion, Mass 
transfer, Mathematical equations, Mathematical 
studies, Porosity, Simulation analysis. 


A two-dimensional finite-element model was de- 
veloped to predict coupled transient flow and mul- 
ticomponent transport of organic chemicals which 
can partition between nonaqueous phase liquid, 
water, gas and solid phases in porous media under 
the assumption of local chemical equilibrium. Gas- 
phase pressure gradients are assumed negligible 
and liquid flow equations are solved simultaneous- 
ly using an upstream weighted solution method 
with time-lagged interphase mass-transfer terms 
and phase densities. Phase-summed component 
transport equations are solved serially after compu- 
tation of the velocity field also by an upstream 
weighted finite-element method. Mass-transfer 
rates are evaluated from individual phase transport 
equations by back-substitution and corrected for 
mass-balance errors. A number of hypothetical 
one-dimensional and two-dimensional simulations 
were performed to evaluate the applicability of the 
model to predict the transport of slightly soluble 
and volatile organics in three-fluid-phase porous 
media. Results indicate that mass-transfer rate and 
fluid density updating have negligible effects 





during periods of highly transient nonaqueous 
liquid phase migration, but become important for 
long-term simulations as cumulative dissolution to 
the water phase and volatilization to the gas phase 
account for larger proportions of the total mass. 
Due to the low solubilities of environmentally 
important organic liquids, the efficiency of organic 
removal by aqueous-phase dissolution and trans- 
port can be very slow. Gas-phase diffusion can 
have a significant influence on the mass transport 
of organics with large Henry’s constants. (Author’s 
abstract) 

W90-10279 


SOIL POLLUTION BY PETROLEUM PROD- 
UCTS, II]. KEROSENE STABILITY IN SOIL 
a AS AFFECTED BY VOLATILIZA- 
TION. 

Agricultural Research Organization, Bet-Dagan 
(Israel). Inst. of Soils and Water. 

T. Galin, Z. Gerstl, and B. Yaron. 

Journal of Contaminant Hydrology JCOHE6, Vol. 
5, No. 4, p 375-385, May 1990. 4 fig, 4 tab, 18 ref. 


Descriptors: *Fate of pollutants, *Kerosene, *Path 
of pollutants, *Petroleum products, *Soil contami- 
nation, *Volatilization, Gas chromatography, Hy- 
drocarbons, Loam, Sand, Silt, Soil porosity. 


The stability of kerosene in soils as affected by 
volatilization was determined in a laboratory 
column experiment by following the losses in the 
total concentration, and the change in composition, 
of the residuals in a dune sand, a loamy sand, and a 
silty loam soil throughout a 50-day period. Seven 
major compounds ranging between C9 and C15 
were selected from a large variety of hydrocarbons 
forming kerosene, and their presence in the re- 
maining petroleum product was determined. The 
change in composition of kerosene during the ex- 
perimental period was determined by gas chroma- 
tography and related to the seven major com- 
pounds selected. The experimental conditions--air- 
dry soil and no subsequent addition of water-- 
excluded both biodegradative and leaching losses. 
The differential volatilization of the kerosene com- 
ponents according to their carbon number results 
in an altered composition of the kerosene residues 
in soils. As a general pattern, the relative concen- 
tration of the hydrocarbons with higher carbon 
numbers increased, since the concentration of 
those with smaller carbon numbers decreased. The 
changes in the relative concentrations of the com- 
ponents in the kerosene were affected by the soil 
properties. For example, the relative concentration 
of the hydrocarbon characterized by C9 decreased 
in 50 days from 7% to 0.2% in the dune sand, to 
0.3% in the loamy sand, and to 1% in the silty 
loam soil. The C14 hydrocarbon increased from 
12% to 35% in dune sand, to 25% in loamy sand, 
and to 26% in silty loam soil. Since the rate of 
volatilization of the different components from the 
soils is affected by their properties (e.g., pore size 
distribution) the composition of the remaining ker- 
osene at a given time varies from soil to soil. The 
ultimate concentration and composition of kero- 
sene spills in soils are controlled by the soil proper- 
ties. The greatest amount of kerosene remaining 
was in the silty loam soil which is characterized by 
predominantly small pores. In the dune sand and 
the loamy sand soils, characterized by predomi- 
nantly large pores, the volatilization of large frac- 
tions of low-molecular-weight compounds is fa- 
vored and this process leads to a dramatic decrease 
in the residual kerosene concentration. (Lantz- 


PTT) 
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SOLUTE TRANSPORT BY A VOLATILE SOL- 
VENT. 


Oklahoma State Univ., Stillwater. Dept. of Agri- 
cultural Engineering. 

G. O. Brown, and D. B. McWhorter. 

Journal of Contaminant Hydrology JCOHES6, Vol. 
5, No. 4, p 387-402, May 1990. 12 fig, 38 ref. EPA 
Cooperative Agreement CR812225, Colorado Ex- 
periment Station Project COLO-0349. 


Descriptors: *Multiphase flow, *Path of pollutants, 
*Porous media, *Solute transport, *Unsaturated 
flow, Condensation, Evaporation, Hazardous 
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wastes, Mathematical studies, Organic compounds, 
Pesticides. 


In relatively dry porous media, water is transport- 
ed as both liquid and vapor. Exact knowledge of 
this two-phase transport, and the phase transfer of 
water associated with it, is required for the predic- 
tion of solute transport. Combined liquid and 
vapor transport is examined starting from basic 
principles. An analytic solution is presented for the 
case of isothermal, transient, one-dimensional sorp- 
tion of water with constant liquid content bound- 
aries. A relation is also obtained for the evapora- 
tion and condensation within the flow field. A 
numerical solution for the solute transport is ob- 
tained which takes maximum advantage of the 
analytical flow solution. Using the properties of 
Lurgi retorted oil shale, several special cases are 
examined which show the relative importance of 
the separate phases in the total transport of water, 
the effects on the phase transfer, and the solute 
transport. It is expected that these methods and 
results can be applied to other problems in multiple 
phase transport, such as hazardous waste disposal 
and pesticide transport. (Author’s abstract) 
W90-10281 


ORGANIC MATTER IN THE GULF OF ST. 
LAWRENCE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

For primary bibliographic entry see Field 2L. 
W90-10286 


TRACE METALS IN THE WATER COLUMN. 
Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

For primary bibliographic entry see Field 2K. 
W90-10288 


POLLUTION HISTORY AND PALEOCLI- 
MATE SIGNALS IN SEDIMENTS OF THE 
SAGUENAY FJORD. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

J. N. Smith. 

Canadian Bulletin of Fisheries and Aquatic Science 
CBFSDB, Vol. 220, p 123-138, 1988. 13 fig, 26 ref. 


Descriptors: *Estuaries, *Fjords, *Geochemistry, 
*Mercury, *Paleoclimatology, *Path of pollutants, 
*Saguenay Fjord, *Sediments, *St Lawrence Estu- 
ary, *Water pollution sources, Canada, Earth- 
quakes, Fallout, Geomorphology, Heavy metals, 
Polycyclic aromatic hydrocarbons, Pulp wastes, 
Radioactive dating, Radioisotopes, Reviews. 


Studies on the pollution history and paleoclimato- 
logical regime of the Saguenay Fjord, which 
drains into the St. Lawrence Estuary are reviewed. 
The key pollution issue in the Saguenay Fjord was 
that of establishing the source function for Hg 
pollution. This problem was solved by determining 
the geochronology for Hg inputs to the sediment 
using the Pb-210 dating methods. The results indi- 
cated that a chlor-alkali plant was the principle 
source of Hg pollution. Other contaminant trans- 
port processes include those associated with organ- 
ic wastes from pulp and paper mills, with polycy- 
clic aromatic hydrocarbon release from Al refining 
complexes and with radioactivity inputs from at- 
mospheric nuclear weapons tests, satellite burn-ups 
and nuclear reactor accidents. Studies based on 
experimental observations of a seasonally modulat- 
ed, P-210 signal in the anoxic, unbioturbated sedi- 
ments at the head of the Fjord were undertaken on 
older sediments in order to reconstruct river dis- 
charge and paleoclimatological information from 
the 16th-19th centuries. These investigations led to 
an analysis of the frequency and magnitude of 
landslide events in the Saguenay drainage basin 
and to studies of the relationships between earth- 
quake events and geomorphological changes 
within this region. (Sand-PTT) 

W90-10290 


PETROLEUM RESIDUES IN THE WATERS 
OF THE GULF OF ST. LAWRENCE. 
Bedford Inst. of Oceanography, Dartmouth (Nova 
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Scotia). Marine Chemistry Div. 

E. M. Levy. 

Canadian Bulletin of Fisheries and Aquatic Science 

— Vol. 220, p 139-157, 1988. 3 fig, 8 tab, 
ref. 


Descriptors: *Gulf of St Lawrence, *Hydrocar- 
bons, *Oil pollution, *Path of pollutants, *Water 
pollution sources, Canada, Gulfs, Monitoring, Re- 
views. 


The results of a 10-year series of investigations into 
the incidence and distribution of dissolved/dis- 
persed petroleum residues in the Gulf of St. Law- 
rence are summarized. The studies have demon- 
strated a decline in background levels to those 
existing in remote, presumably pristine, marine 
waters of Northern Canada. Since the existing 
background levels in all regions are well below 
those known to have immediate and direct adverse 
effects on marine life, there is no reason for envi- 
ronmental alarm. Neither, however, is there room 
for complacency, since any increase in the rate of 
input could easily alter the present situation, possi- 
bly with serious deterioration of environmental 
quality. As a result, periodic monitoring of the 
background levels of petroleum residues in the 
Gulf of St. Lawrence and elsewhere should be 
carried out in the future. (Sand-PTT) 

W90-10291 


CHEMICAL OCEANOGRAPHY IN THE GULF: 
PRESENT AND FUTURE. 

Bedford Inst. of Oceanography, Dartmouth (Nova 
Scotia). Marine Chemistry Div. 

For primary bibliographic entry see Field 2L. 
W90-10292 


SURVIVAL OF GENETICALLY ENGINEERED 
ESCHERICHIA COLI IN NATURAL SOIL AND 
RIVER WATER. 

Soochow Univ., Taipei (Taiwan). Dept. of Micro- 
biology. 

W. L. Chao, and R. L. Feng. 

Journal of Applied Bacteriology JABAA4, Vol. 
68, No. 4, p 319-325, April 1990. 4 fig, 2 tab, 21 ref. 


Descriptors: *Aquatic environment, *Bacteria, 
*Escherichia coli, *Genetic engineering, *Rivers, 
*Soil types, *Water pollution sources, Antibiotics, 
Microbiological studies, Plasmids. 


Twelve derivatives of Escherichia coli strain 
HB101 which contained different sizes of plasmids 
ranging from 3.9 Kb to 48 Kb and encoding resist- 
ance to various antibiotics were used. When these 
bacteria were introduced into natural river water, 
the population declined rapidly and by day 3, the 
majority (i.e. more than 99.9) of them could no 
longer be detected on antibiotic-amended culture 
plates. If the river water was filter sterilized first, 
the added bacteria maintained their population for 
up to 7 d without any significant decrease in num- 
bers. Similar results were also observed in steri- 
lized tap water or distilled water. This indicated 
that the disappearance of these organisms in the 
aquatic environment was caused mainly by biotic 
factor(s). The loss of the ability to grow in the 
presence of antibiotics by some of the E. coli was 
not observed unless they were allowed to grow in 
the antibiotic-free environment first. When the test 
organisms were added to natural silt loam, a large 
portion of the original population still remained 
viable after 16 d. There was no relationship be- 
tween the percentage survival of E. coli in natural 
river water and the sizes of plasmid harbored. 
When these bacteria were added to natural soil, 
survival appeared to increase as plasmid size in- 
creased. (Author’s abstract) 

W90-10296 


COLIFORMS AS A MEASURE OF SEWAGE 
CONTAMINATION OF THE RIVER ZAMBE- 
ZI. 

Zimbabwe Univ., Harare. Dept. of Biological Sci- 
ences. 

S. B. Feresu, and J. Van Sickle. 

Journal of Applied Bacteriology JABAA4, Vol. 
68, No. 4, p 397-403, April 1990. 1 fig, 3 tab, 15 ref. 
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University of Zimbabwe Research Board for Re- 
search grant RB/261/86. 


Descriptors: *Bacterial analysis, *Coliforms, *Es- 
cherichia coli, *Wastewater disposal, *Wastewater 
pollution, *Water pollution sources, Microbiologi- 
cal studies, Outfall sewers, Sludge disposal, Zim- 
babwe. 


The effect of releasing untreated sludge from the 
town of Victoria Falls, Zimbabwe, into the Zam- 
bezi River was determined by bacteriological ex- 
amination of water samples collected upstream of 
Victoria Falls and for 22 km downstream. Most 
probable numbers of fecal coliforms and Escheri- 
chia coli were estimated. Water upstream of the 
falls, on the Zimbabwe side of the river, contained 
between 7 and 130 E. coli/100 ml. This section of 
the river was free from major sources of fecal 
pollution. Below the falls, but before the Victoria 
Falls Town sewage outfall, numbers of E. coli 
were between 180 and 14000/100 ml, indicating 
the existence of a sewage discharge other than 
from Victoria Falls Town. The river was also 
highly polluted from the Victoria Falls Town 
sewage outfall to a point 18.6 km downstream. The 
highest E. coli count was 33000/100 ml and de- 
clined slowly to 1400/100 ml 18.6 km downstream 
of the outfall. (Author’s abstract) 

W90-10297 


FOGWATER CHEMISTRY AT RIVERSIDE, 
CALIFORNIA. 

California Inst. of Tech., Pasadena. W.M. Keck 
Lab. of Environmental Engineering Science. 

J. W. Munger, J. Collett, B. Daube, and M. R. 
Hoffman. 

Atmospheric Environment Part B: Urban Atmos- 
phere AEBAES, Vol. 24, No. 2, p 185-205, 1990. 
12 fig, 9 tab, 37 ref. 


Descriptors: *Acid fog, *Acid rain, *Atmospheric 
chemistry, *California, *Chemistry of precipita- 
tion, *Fog, *Path of pollutants, Aerosols, Air pol- 
lution sources, Ammonia, Ammonium, Chemical 
composition, Hydrogen ion concentration, Ni- 
trates, Nitric acid, Precipitation scavenging, Sul- 
fates. 


Fog, aerosol, and gas samples were collected 
during the winter of 1986 at Riverside, California. 
The dominant components of the aerosol were 
NH4+), NO3(-), SO4(--). Gaseous NH3 was fre- 
quently present at levels equal to or exceeding the 
aerosol NH4(+). Maximum levels were 3800, 
3100, 690, and 4540 neq/m for NH4(+), NO3(-), 
SO4(--) and NH3 (gaseous), respectively. The fog- 
water collected had very high concentrations, par- 
ticularly of the major aerosol components. Maxi- 
mum concentrations were 26,000, 29,000, 6200 mi- 
cromoles for NH4(+), NO3(-), and SO4(--), re- 
spectively. The pH values in fogwater ranged from 
2.3 to 5.7. Formate and acetate concentrations as 
high as 1500 and 580 micromoles, respectively, 
were measured. The maximum CH20 concentra- 
tion was 380 micromolaes. Glyoxal and methylg- 
lyoxal were found in all the samples; their maxi- 
mum concentrations were 280 and 120 micromolar, 
respectively. Comparison of fogwater and aerosol 
concentrations indicates that scavenging of precur- 
sor aerosol by fog droplets under the conditions at 
Riverside is less than 100% efficient. The atmos- 
pheric chemistry at Riverside is controlled by the 
balance between HNO3 production from NOx 
emitted throughout the Los Angeles basin and 
NH3 emitted from dairy cattle just west of River- 
side. The balance is controlled by local mixing. 
Acid fogs result at Riverside when drainage flows 
from the surrounding mountains isolate the site 
from the NH3 source. Continued formation of 
HNO3 gas in the air mass eventually depletes the 
residual NH3 gas. A simple box model that in- 
cludes deposition, fog scavenging, and dilution was 
used to assess the effect of curtailing the dairy- 
cattle feedlot operations. The calculations suggest 
that the resulting reduction of NH3 levels would 
decrease the total NO3(-) in the atmosphere, but 
nearly all remaining NO3(-) would exist as HNO3. 
Fogwater in the basin would be uniformly acidic. 
(Author’s abstract) 

W90-10324 


ELEMENTS IN THE PRECIPITATION OF S. 
PAULO CITY (BRAZIL). 

Instituto de Pesquisas Espaciais, Sao Jose dos 
Campos (Brazil). 

M. C. Forti, and L. M. Moreira-Nordemann. 
Atmospheric Environment Part B: Urban Atmos- 
phere AEBAES, Vol. 24, No. 2, p 355-360, 1990. 4 
tab, 27 ref. 


Descriptors: *Acid rain, *Atmospheric chemistry, 
*Brazil, *Chemistry of precipitation, *Path of pol- 
lutants, Aerosols, Ammonium, Calcium, Chlorides, 
Local precipitation, Magnesium, Nitrates, Potassi- 
um, Sodium, Sulfates, Sulfides, Washouts. 


Rainwater samples in S. Paulo city were collected 
on an event basis from October 1983 to October 
1985 covering two dry and two rainy periods. Bulk 
samples only were obtained. At the same site and 
period, fine, coarse and inhalable particles in aero- 
sol samples were collected. Na(+), Ca(++), 
K(+), Mg(++), NO3(-), SO4(--), and NH4(+) 
contents were determined in rainwater samples, 
while Na, Ca, K, Cl, and S concentrations were 
measured in aerosol samples. Rainwater is slightly 
acid (mean pH=5.0 for the whole period, being 
lower than this value in the wet season and higher 
in the dry season), and contains high concentra- 
tions of Ca(+ +), NO3(-), SO4(--), and NH4(+). 
Dry and wet fluxes and washout ratios were deter- 
mined for some elements in the aerosol samples. 
Results obtained suggest that the atmospheric com- 
position at S. Paulo city is strongly influenced by 
anthropogenic sources. (Author’s abstract) 
W90-10325 


RADIONUCLIDE UPTAKE AND GROWTH OF 
BARN SWALLOWS NESTING BY RADIONU- 
CLIDE LEACHING PONDS. 

Colorado State Univ., Fort Collins. Dept. of Radi- 
ology and Radiation Biology. 

For primary bibliographic entry see Field 5C. 
W90-10327 


DROUGHT: CONSEQUENCES ON NATURAL 
SURROUNDINGS, HEALTH, AND THE ENVI- 
RONMENT (LA SECHERESSE: CONSE- 
QUENCES SUR LE MILIEU, SALUBRITE, EN- 
VIRONNEMENT). 

Agence de Bassin Rhone-Mediterranee-Corse, 
Pierre-Benite (France). 

For primary bibliographic entry see Field 2E. 
W90-10328 


FLUPOL: A MODEL TO FORECAST FLOW 
RATES AND FLOWS OF POLLUTANTS IN 
WATER DRAINAGE NETWORKS DURING 
RAIN--CALIBRATION AND VALIDATION 
(FLUPOL: MODELE DE PREVISION DES 
DEBITS ET DES FLUX POLLUANTS EN RE- 
SEAUX D’ASSAINISSEMENT PAR TEMPS DE 
PLUIE, CALAGE ET VALIDATION). 

G. Bujon, and L. Herremans. 

Houille Blanche HOBLAB, Vol. 1990, No. 2, p 
123-140, 1990. 7 fig, 6 tab, 8 ref. English summary. 


Descriptors: *Flow models, *Flow rates, *Model 
studies, *Path of pollutants, *Runoff forecasting, 
*Storm runoff, *Urban runoff, *Water pollution 
sources, Calibrations, Catchment areas, Combined 
sewer overflows, Flow measurement, Performance 
evaluation, Rainfall-runoff relationships, Seine 
River, Sewer systems, Simulation analysis, Soil 
contamination, Stream pollution, Suspended sedi- 
ments, Urban drainage. 


For a number of years, urban pluvial leaching has 
been considered one of the important sources of 
degradation of the environment. The FLUPOL 
model describes urban pollution during rainfall 
events in terms of the characteristics of rain and 
the features of collecting basins and sewer net- 
works. The goal of this model was the creation of 
a tool applicable to the greatest number of cases, 
without the necessity of adjusting certain internal 
parameters independent of the specific characteris- 
tics of the study. The model enables simulation, at 
a point downstream from an urban catchment area 
drained by a combined or separate sewer network, 
of hydrographs and pollutant flows which are gen- 


erated by a given rain event and are characterized 
by a certain number of variables. It takes into 
account a range of phenomena, from the accumula- 
tion of waste deposits on the ground to the possi- 
bility of suspension of sediments in the channels. 
The FLUPOL model was calibrated and validated 
with measurements carried out on four catchments 
with very different soils and dimensions. Valida- 
tion consisted of comparing the model, previously 
calibrated using particular experimental data, with 
other data not used in the calibration. Having been 
obtained from very dissimilar catchments, the re- 
sults presented appear to place the FLUPOL 


model in a rather favorable light. The preliminary 
results give an order of magnitude to the flow of 
pollution at present being emptied into the Seine 
by the principal storm overflows of Paris. (Dublin- 


PTT) 
W90-10330 


HILLSLOPE SOLUTE MODELLING. 

Sheffield Univ. (England). Dept. of Geography. 
S. Trudgill. 

IN: Modelling Geomorphological Systems. John 
Wiley and Sons, New York. 1988. p 309-339, 17 
fig, 6 tab, 21 ref. 


Descriptors: *Geomorphology, *Mathematical 
models, *Model studies, *Path of pollutants, *Soil 
water, *Solute transport, Data interpretation, Fer- 
tilizers, Groundwater movement, Infiltration, 
Mathematical studies, Nitrates, Rainfall, Slopes, 
Storm seepage. 


Water flowing through soil transports both sur- 
face-applied and soil-derived solutes to streams and 
rivers. The study of surface-applied solutes is im- 
portant in the context of pollutant transfer and the 
leaching of agricultural chemicals such as fertiliz- 
ers, pesticides, and herbicides. A variety of models 
have been developed to describe flow through 
soils, including both uniform displacement models 
and quickflow (bypassing or preferential flow) 
models. All of the models make simplifying as- 
sumptions and require testing to determine their 
adequacy for any application. Model results for 
several of these models are compared to field data 
collected from a control plot, using nitrate fertiliz- 
er as the experimental solute. Models tested in- 
clude the soil capacity model, a uniform displace- 
ment model, a _ wetting front model, a 
mobile:retained boundary model, and a bypassing 
model. Results indicate that no one model is uni- 
versally applicable, and under test conditions all of 
the models are refuted to some degree; however, 
under certain conditions several models may have 
utility and are worth additional investigation. The 
mobile:retained model and the bypassing model 
can not be conclusively refuted for all cases and 
are left open for further testing. It is concluded 
that bypassing models probably have the greatest 
potential for further work on predicting the lead- 
ing edge of surface-applied solute penetration. (See 
also W90-10334) (Tappert-PTT) 

W90-10345 


ACIDIC DEPOSITION: 
TROGEN OXIDES. 

CRC Press, Inc., Boca Raton, Florida. 1989. 659p. 
Edited by Allan H. Legge, and Sagar V. Krupa. 


SULPHUR AND NI- 


Descriptors: *Acid rain, *Acid rain effects, *Air 
pollution, *Alberta, *Canada, *Model studies, *Ni- 
trogen oxides, *Path of pollutants, *Sulfur oxides, 
Baseline studies, Chemical properties, Environ- 
mental impact. 


The Alberta Government/Industry Acid Deposi- 
tion Research Program (ADRP) began in 1983 
with the objective of addressing rising public con- 
cerns on the environmental consequences of acidic 
and acidifying air pollutants on the environment in 
Alberta, Canada. The results of three and one-half 
years of intensive study by the Biophysics Re- 
search of the ADRP, including characterization of 
the background air quality of Alberta and determi- 
nation of how this air quality is modified by emis- 
sions of oxides of sulfur and nitrogen, are present- 
ed. The measured air quality was integrated with 
modeling to evaluate present and potential region- 





al-scale responses of selected environmental recep- 
tors. The ADRP Biophysics Research represents 
an integrated holistic approach to the evaluation of 
the chemistry of multiple atmospheric systems and 
their possible effects on the environment. While no 
environmental response studies per se were con- 
ducted in the field, the information presented 
serves to identify areas which require attention. 
(See W90-10350 thru W90-10357) (White-Reimer- 


PTT) 
W90-10349 


— AND NITROGEN IN THE ATMOS- 
Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

A. H. Legge. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 3- 
128, 1989. 4 fig, 39 tab, 299 ref. 


Descriptors: *Acid rain, *Air pollution, *Nitrogen 
oxides, *Path of pollutants, *Sulfur oxides, *Water 
pollution sources, Dry deposition, Holistic meth- 
ods, Model studies, Reviews. 


Acidic (acidic precipitation) and acidifying (SOx 
and NOx) pollutants in the atmosphere and their 
observed and/or predicted impacts on the sensitive 
environmental components locally and on a re- 
gional scale are of great concern at this time na- 
tionally and internationally. A review of the infor- 
mation on the atmospheric chemical transforma- 
tion of SO2 and the photo-oxidation cycle is pre- 
sented along with the more limited information 
concerning the conversion of NO2 to NO3. Al- 
though numerous studies have been conducted on 
wet deposition of air pollutants, corresponding 
work on dry deposition has not been well studied. 
Long term pollutant averaging techniques, and the 
subsequent computation of deposition values cur- 
rently being used in response models, are statisti- 
cally invalid since many pollutants under ambient 
conditions exhibit ‘non- -normal’ pe distribu- 
tions. While field ch S, houses, con- 
trolled environment, and experimental simulation 
studies are valuable in gaining fundamental knowl- 
edge of response processes, under ambient condi- 
tions, cause and effect relationships must be 
viewed holistically by use of intensive qualitative 
and quantitative characterization of all important 
atmospheric variables (both physical and chemical) 
and response variables in common space and time. 
Equally important is the need to develop assessive 
and predictive models which can be driven by 
these valuable data in establishing cause and effects 
relationships. (See also W90-10349) (White- 
Reimer-PTT) 

W90-10350 





CHARACTERISTICS OF THE BACKGROUND 
AIR QUALITY. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

A. H. Legge, E. Peake, M. Strosher, M. Nosal, and 
G. E. McVehil 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
129-248, 1989. 27 ref, 76 tab, 81 ref. 


Descriptors: *Acid rain, *Air pollution, *Baseline 
studies, *Canada, *Chemistry of precipitation, 
*Meteorology, Alberta, Fortress Mountain, Hy- 
drogen ion concentration, KAPS, Monitoring, Ni- 
trates, Nitrogen, Ozone, Sulfates, Sulfur. 


Certain chemical constituents (e.g. photochemical 
oxidants) occur naturally in the trophosphere, the 
background air quality. Therefore a background 
air quality monitoring station was established at 
Fortress Mountain, Alberta, Canada. Air pollutants 
(both dry and wet-rain only) and meteorological 
parameters were measured at this site for two full 
years. Two year mean hourly concentrations of 
SO2, H2S, NO, NO2, and O3 at Fortress Mountain 
were very comparable to the corresponding pub- 
lished values for remote locations. However, peri- 
odically during late spring and early summer, up to 
20-25% of the time, multiple-day O3 episodes can 
occur. During 1987, these episodes were generally 
regulated by air masses from the west-southwest 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


and by long range transport. Mean concentrations 
of HNO3, HNO2, and NH3 obtained through the 
Kananaskis Air Pollutant Measurement System 
(KAPS) serial annular denuder-filter pack method 
were in the low end of the range of concentrations 
reported by others for these pollutants. While the 
KAPS system performed up to expectations, some 
fundamental questions were raised concerning the 
principle by which chemical speciation is achieved 
in the system. More importantly, the utility of the 
KAPS system for understanding the relationships 
between SO2, NOx, fine particle SO4(2-) and 
NO3(-), and rain SO4(2-) and NO3(-) was demon- 
strated. Reasonable correlations were obtained be- 
tween integrated air concentrations of SO2 and 
HNO3 and rain SO4(2-) and NO3(-). However, 
S04(2-) and NO3(-) in rain were not well correlat- 
ed with the acidity. While the mean pH of rain at 
Fortress Mountain was reported to be 4.73, caution 
is advisable in the interpretation of this value, 
based on statistical reasons. Weak acids may have 
an important role in regulating the pH of rain at 
Fortress Mountain. (See also W90-10349) (White- 
Reimer-PTT) 

W90-10351 


AIR QUALITY OF AN AREA PROXIMAL TO 
ANTHROPOGENIC EMISSIONS. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

A. H. Legge, M. Nosal, E. Peake, M. Strosher, and 
M. Hansen. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
249-345, 1989. 13 fig, 80 tab, 6 ref. 


Descriptors: *Acid rain, *Air pollution, *Baseline 
studies, *Canada, *Water pollution sources, Alber- 
ta, Carbon, Comparison studies, Hydrogen ion 
concentration, Monitoring, Nitrates, Nitrogen, Or- 
ganic compounds, Ozone, Sulfates, Sulfur. 


The high density of emissions originating from 
geographically concentrated sources introduces a 
pollutant mass flux burden with which the natural 
atmospheric ventilating and cleansing processes 
cannot cope. The result is high concentration of 
combustion products such as CO, NO, NO2, SO2, 
and volatile organic compounds (VOCs). Air qual- 
ity was monitored over a two year period during 
1985-87 at two sites located within an urban 
airshed in Alberta, Canada. One of the two sites 
(Crossfield East) was downwind from a local point 
source, a gas plant, while the other site (Crossfield 
East) was upwind from the point source. Results 
obtained at these two locations were compared to 
the corresponding results from a high elevation 
regional background site (Fortress Mountain). 
Hourly O3 concentrations were lower at the two 
Crossfield sites compared to the high elevation 
site, however, there was a relationship between the 
sites. It was proposed that O3 was transported 
aloft from Fortress Mountain to Crossfield, fol- 
lowed by downward mixing during midday, lead- 
ing to peak O3 concentrations at 1600 hours at the 
two Crossfield sites. Highest 10-minute SO2 con- 
centrations were in the 130-140 ppb range at Cross- 
field West and in the 160-170 ppb range at Cross- 
field East. Mean concentrations of COS, CS2, 
2S, and SO2 at the two Crossfield sites were 
higher than at Fortress Mountain. The mean 
coarse particle elemental concentrations and the 
fine particle Br, Zn, Ni, and Pb concentrations 
were higher at Crossfield East compared to West. 
It is suggested that the higher rain pH at Crossfield 
East compared to Crossfield West was due to the 
neutralization by the coarse particulate matter. The 
S$O4(2-) and NO3(-) in rain at the two Crossfield 
sites correlated poorly with the H(+). Weak acids 
may be involved and the rain pH appears to be 
regulated by acid-base equilibrium. (See also W90- 
10349) —_—— 
W90-1035: 


WET AND DRY DEPOSITION OF AIR POL- 
LUTANTS IN ALBERTA. 

Calgary Univ. (Alberta). Kananaskis Centre for 
Environmental Research. 

E. Peake, and C. I. Davidson. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
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381-412, 1989. 1 fig, 8 tab, 28 ref. 


Descriptors: *Acid rain, *Air pollution, *Alberta, 
*Canada, *Water pollution sources, Dry deposi- 
tion, Hydrogen ion concentration, Model studies, 
Monitoring, Sulfates, Sulfur, Wet deposition. 


The deposition of acidic and acidifying substances 
from the atmosphere on to receptor surfaces has 
been of concern in Europe and North America for 
the past 30 years. The wet and dry deposition of 
major ions was estimated for each of five major 
emission regions (3, 4, 6, 7, and 9) in Alberta, 
Canada. The processes responsible for SO4(2-) 
deposition in southwestern Alberta, Region 9, 
were estimated to be: SO2 deposition 54%, wet 
SO4(2-) deposition 37%, coarse particle deposition 
7% and fine particle deposition 2%. Wet deposi- 
tion accounted for 38% of the total nitrate deposi- 
tion, nitrogen oxides 20%, nitrous acid 13%, nitric 
acid 25%, fine particles 1%, and coarse particles 
3%. Wet sulfate and nitrate deposition in south- 
western Alberta was about one-half that in south- 
ern Ontario. Hydrogen ion deposition in south- 
western Alberta was estimated to be 0.09 kg/ha/y, 
well below the 0.4-0.6 kg/ha/y found in southern 
Ontario and the eastern United States. Dry deposi- 
tion of SO2 and fine particulate sulfate in south- 
western Alberta was 12.6 kg/ha/y (expressed as 
SO4(2-)) based on an atmospheric concentration of 
3.7 microg/cu m SO2, derived from an atmospher- 
ic model, and a deposition velocity of 0.7 cm/sec. 
This was less than the 18-28 kg/ha/y measured in 
southern Ontario, comparable to the deposition in 
the region from Sault St. Marie to Ottawa, and 
more than the 4.2 kg/ha/y measured near the 
Manitoba-Ontario border. (See also W90-10349) 
(White- — PTT) 

W90-1035 


ANTHROPOGENIC SOURCES OF ACIDIC 
AND ACIDIFYING AIR POLLUTANTS IN AL- 
BERTA. 

Western Research, Calgary (Alberta). 

D. J. Picard, D. G. Colley, and A. H. Legge. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
413-431, 1989. 9 fig, 2 tab, 15 ref. 


Descriptors: *Acid rain, *Air pollution, *Alberta, 
*Canada, *Water pollution sources, Anthropogen- 
ic pollution sources, Emissions, Land use, Sulfur 
dioxide, Nitrogen oxides. 


An emission inventory which identified SO2 and 
NOx emission sources in Alberta, Canada, is sum- 
marized. The SO2 emission inventory identified all 
SO2 emission sources which were licensed by the 
provincial government agency (Alberta Depart- 
ment of Environment), and all sour oil batteries 
approved by the Alberta Energy Resources Con- 
servation Board that emit SO2 at a rate of 0.2 tons 
per day or more. The NOx emission inventory was 
based on three types of sources: industrial, urban 
center, and highway. The NOx emissions from 
each type of source were quantitatively expressed 
as equivalent amount of NO2. The emission data 
base comprised 565 sources of SO2 and a total of 
4025 industrial, urban, and highway sources of 
NOx. In total, 1945.2 t/d of SO2 + NOx emissions 
were inventoried. These total emissions were com- 
posed of: SO2: 1267.0 t/d, and NOx: 678.2 t/d. 
Sulfur dioxide emissions were significantly higher 
than NOx emissions in most emission regions; this 
can generally be attributed to the extraction of 
sulfur from natural gas and the burning of sulfur- 
containing fuels in the Province. Only in three 
Emission Regions were NOx emissions higher than 
SO2 emissions. This was primarily due to the lack 
of combustion of sulfur-containing fossil fuels in 
these regions. Ecoregions with comparatively 
higher NOx emissions were the short and mixed 
grass ecoregions and aspen parkland ecoregion 
where the influence of urban centers and highways 
was important. Ecoregions with higher SO2 emis- 
sions than NOx emissions were the fescue grass, 
boreal mixed-wood, boreal foothill, and boreal 
upland ecoregions where sour gas processing was 
an important contributor to emission levels. Local 
or regional scale emissions modify the qualitative 
and quantitative characteristics of the incoming air 
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relative to its pollutant composition. Consequently, 
the pollutant exposure dynamics and the total pol- 
lutant burden on the ecosystem components are 
modified. (See also W90-10349) (White-Reimer- 


PTT) 
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MODEL ESTIMATES OF PROVINCIAL SCALE 
ATMOSPHERIC SULPHUR DIOXIDE (SO2) 
AND OXIDES OF NITROGEN (NOX) IN AL- 
BERTA. 

McVehil-Monnet Associates, Inc., Englewood, 
co 

G. E. McVehil. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
433-475, 1989. 12 fig, 12 tab, 21 ref. 


Descriptors: *Acid rain, *Air pollution, *Alberta, 
*Canada, *Model studies, *Nitrogen oxides, 
*Sulfur dioxide, *Water pollution sources, Path of 
pollutants, Seasonal variation, Transport models. 


The deposition (dry and wet) of airborne species 
provides an important input of acidic and acidify- 
ing substances into terrestrial and aquatic ecosys- 
tems. Estimates of the average seasonal concentra- 
tions of major pollutants were estimated on a re- 
gional scale across Alberta, Canada using long- 
range transport modeling to produce predictions of 
seasonal concentrations of SO2, SO4(2-), and NOx. 
The model was applied on a basic rectangular grid 
of 20 km spacing, thus affording higher resolution 
than commonly found in statistical, long-range 
transport models. However, the details of concen- 
tration distributions near individual sources cannot 
be resolved; the results represent average concen- 
trations smoothed on a scale of the order of 20 km. 
The Alberta regional statistical model was applied 
with the ADRP emission inventories, meteorologi- 
cal data, and pollutant loss parameters. The model 
results were illustrated as contour maps of average 
long-term concentrations. The results indicated 
that patterns of mean pollution concentration 
across Alberta are dictated by source regions and 
meteorology, and on the average do not change 
markedly from summer to winter. The apparent 
success of the modeling estimates would seem to 
confirm the initial assumption that pollutant con- 
centrations in Alberta are determined almost com- 
pletely by the magnitude of provincial sources. 
The model results were also consistent in indicat- 
ing that contributions of Alberta sources in remote 
areas are very small and the predicted total con- 
centrations approach assumed background levels. 
(See also W90-10349) (White-Reimer-PTT) 
W90-10355 


REGIONAL SCALE EFFECTS OF SO2 ON 
SOME AGRICULTURAL CROPS IN ALBERTA. 
For primary bibliographic entry see Field 5C. 
W90-10356 


ASSESSMENT OF THE SENSITIVITY OF AL- 
BERTA SURFACE WATERS TO ACIDIFICA- 
TION. 


Aquatic Resource Management Ltd., Calgary (Al- 
berta). 

R. A. Crowther, and E. C. Krug. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
606-646, 1989. 8 fig, 8 tab, 33 ref. 
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lution sources, Acid lakes, Model studies, Pollution 
effects, Sensitivity analysis, Snowmelt, Sulfates, 
Surface water. 


A study of the effects of acid deposition on the 
surface water resources of Alberta was undertaken 
to evaluate the risk associated with current region- 
al deposition and future worst-case atmospheric 
loading of acid-forming emissions. The effects of 
acidic deposition on the rivers and lakes of five 
major regions were examined. The potential sensi- 
tivity of Alberta’s surface waters to acidic deposi- 
tion was modeled using the Thompson cation de- 
nudation model with available data. The potential 


loss of alkalinity under two loading scenarios was 
determined: (1) current, and (2) estimated worst 
case loadings if additional deposition equivalent to 
that estimated for the Crossfield East area oc- 
curred in each emission region studied. The analy- 
ses indicated that except for the western Cordil- 
leran areas of the Province, regional and sub- 
regional estimates of potential alkalinity loss were 
quite large for the local point source situation. The 
observed water chemistry data support the conclu- 
sion drawn from atmospheric chemistry and depo- 
sition data that model predictions of acidification 
are worst case overestimates. The concentrations 
of SO4(2-) in surface waters were also shown to be 
highly variable being either significantly less than, 
greater than, or approximately equal to regional 
and sub-regional estimates of atmospheric sulfate. 
It is likely that at least some of this variability is 
due to differences between local and regional/sub- 
regional estimates for sulfate deposition and evapo- 
transpiration. The data examined during this study 
indicated that not only are there significant sources 
of sulfate in Alberta’s watersheds, but there are 
also significant sinks of sulfur. In fact, these 
sources and sinks appear to predominate over at- 
mospheric contributions for most lakes. The sce- 
narios developed indicated that a small fraction of 
the provincial lakes and ponds are potentially sen- 
sitive to acidification if point sources are located 
nearby. Such watersheds tend to be mantled with 
highly acidic surficial soil materials and peat. Simi- 
larly, such watersheds are also expected to be 
potentially sensitive to temporary acidification 
during episodic events such as snowmelt. (See also 
W90-10349) (White-Reimer-PTT) 
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IMPACT OF AGRICULTURAL ACTIVITIES 
ON GROUND WATER. 

Stavebni Geologie, Prague (Czechoslovakia). 

J. Vrba, and E. Romijn. 

International Contributions to Hydrogeology, 
Volume 5. Verlag Heinz GmbH, Hannover, West 
Germany. 1986. 332p. 
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cides, Surface-groundwater relations, Water pollu- 
tion. 


This Monograph is a result of The International 
Symposium on ‘Impact of Agricultural Activities 
on Groundwater Quality and Quantity’, held in 
Prague, Czechoslovakia, in September 1982. The 
symposium was sponsored by the International As- 
sociation of Hydrogeologists (IAH) and the 
Czechoslovakian government in cooperation with 
UNESCO, UNEP and other international organi- 
zations. Among the papers included in the Mono- 
graph, the following themes are discussed: pesti- 
cides and disease-producing bacteria in groundwat- 
er; movement and interaction of nitrates and pesti- 
cides in the vegetation cover-soil-groundwater- 
rock system; mathematical modeling of the agricul- 
tural impact on groundwater quality and quantity; 
the impact of irrigation and drainage on ground- 
water. Some papers presented at the symposium 
were selected for the second part of the Mono- 
graph as case histories. (See W90-10389 thru W90- 
10403) (Agostine-PTT) 
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MOVEMENT OF AGROCHEMICALS IN THE 
UNSATURATED AND SATURATED ZONES. 

V. Benes. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 29-87. 15 fig, 6 tab, 117 ref. 
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The basic factor affecting the movement of agro- 
chemicals in the unsaturated zone is the flow of 
groundwater in its liquid state. Movement of a 
solute in water is affected by the following interac- 
tive processes: (a) Convection: the movement of a 
solute is at the same rate and in the same direction 
as groundwater flow. This movement is dominant 
and some studies do not consider any other influ- 
ences. (b) Hydrodynamical dispersion: this process 
is a combination of molecular diffusion and me- 
chanical dispersion. (c) Hydrochemical interac- 
tions: these occur between the solute, water, soil 
complex, the vegetation root system and the mi- 
crobiological system. Movement of agrochemicals 
in the unsaturated zone is usually considered to be 
a one-dimensional process namely in the vertical 
direction. Soil water measurements include gravi- 
metric, electric resistance, electric capacity, 
gamma ray, and neutron methods. At present nu- 
merical mathematical methods are most frequently 
applied for water flow calculation in the unsaturat- 
ed zone, especially the finite difference method and 
the finite element method. These methods make it 
possible to model various regimes of underground 
water flow, following precipitation or irrigation. A 
brief discussion of these methods is given. For 
water flow in the saturated zone, a continuous, 
incompressible, inhomogeneous and anisotropic 
medium is generally assumed. Using these assump- 
tions, water flow can be described by equations 
similar to those given for the unsaturated zone, 
with the difference that now two-dimensional or 
three-dimensional flow should be considered. 
Equations for water flow are given for the two 
basic types of aquifers, namely, phreatic aquifers 
and confined (Artesian) aquifers. (See also W90- 
10388) (Agostine-PTT) 
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IMPACT OF FERTILIZERS AND PESTICIDES 
ON GROUNDWATER QUALITY. 

V. Houzim, J. Fuksa, V. Pekny, J. Vrba, and J. 
Stibral. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
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Increases in soil fertility and crop yields have been 
attained, especially since 1960, by massive applica- 
tions of inorganic fertilizers. A statistical relation- 
ship has been demonstrated between the amount of 
nitrogen fertilizers applied and the nitrogen con- 
tent of groundwater. While pesticides have a low 
solubility in water and their movement is generally 
limited in soil systems, occurrences of pesticide 
residues in groundwater are reported as a conse- 
quence of agriculture. Soil organic matter is of 
special importance for the transport and transfor- 
mation of fertilizers and pesticides in the unsaturat- 
ed zone. The solubility of the fertilizer is the 
primary property preconditioning the generation 
and concentration of components in groundwater. 
The possibility of water, especially groundwater, 
toxification is brought about by the property of 
inorganic fertilizers to transport harmful sub- 
stances into water. Water toxification can be either 
direct (toxic elements or through ions being re- 
leased during fertilizer reactions in the soil which 
are then transported into water), or indirect (toxic 
components are released in an underground aquifer 
or in a stream as a result of reactions between 
fertilizers and water). Most pesticides (including 
herbicides, insecticides, fungicides, miticides, etc.) 
are substances with a low molecular weight and 
low solubility in water. They move in the soil by 
capillary transport, and in a water solution by 
molecular diffusion. (See also W90-10388) (Agos- 
tine-PTT) 
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GROUNDWATER QUALITY MONITORING 
UNDER DIFFERENT AGRICULTURAL CON- 
DITIONS. 

Stavebni Geologie, Prague (Czechoslovakia). 

J. Vrba. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 173-196. 4 fig, 7 ref. 
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Groundwater-quality monitoring is a complex 
process requiring the establishment of long-term or 
short-term monitoring programs. The objectives of 
monitoring are to determine the physical, chemical 
and biological properties of groundwater, to identi- 
fy the time and space effects of natural processes 
and human activities on the hydrogeological 
system, to forecast changes in the water quality, 
and to define measures to be adopted for the 
restoration of groundwater which has already been 
polluted. The main agricultural sources of ground- 
water pollution are animal wastes, fertilizers and 
soil additives, pesticides, and irrigation return flow. 
The nature of agricultural pollution sources and 
the degree of aquifer-system vulnerability are the 
decisive factors in choosing areas to be monitored 
and for establishing the density of the monitoring 
network, the number of parameters monitored, and 
the monitoring period. An essential aspect of a 
groundwater-quality monitoring system is the de- 
termination of sampling locations, procedures, and 
frequencies. Data may be acquired using: (1) of- 
fline systems in which data is transferred to paper 
tapes, punched cards, magnetic tapes, or magnetic 
disks; (2) systems which monitor data online, with 
the storage medium usually being a magnetic tape 
which is periodically batch-processed on a com- 
puter; or (3) online systems which are linked di- 
rectly to the computer via telephone lines or radio 
transmission. Data retrieval for individual water 
users is generally in the form of simple, easy to 
understand, practical and inexpensive information. 
Assessment of the impact of agricultural activities 
on individual water-supply systems and on the 
water resources in the monitored area requires 
complex statistical analysis. It is most important to 
transfer knowledge gathered from monitoring ac- 
tivities in a form that can be used by decision 
makers. Functional, organizational, governmental, 
and institutional structures, as well as technical and 
control measures based on water and environmen- 
tal legislation, are essential for acting upon the 
results obtained by monitoring the effects of agri- 
cultural activities on the hydrogeological system. 
(See also W90-10388) (Agostine-PTT) 
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CONSEQUENCES OF IRRIGATED AGRICUL- 
TURE IN ARID AND SEMIARID AREAS ON 
GROUNDWATER. 

For primary bibliographic entry see Field 3F. 
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IMPACT OF AGRICULTURE ON GROUND- 
WATER IN IRELAND. 

Geological Survey of Ireland, Dublin. 

For primary bibliographic entry see Field 4C. 
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ELEVATED LEVELS OF NITRATE IN 
GROUND WATER BENEATH INTENSIVELY 
GRAZED PASTURELAND IN NEW ZEALAND. 
Ministry of Works and Development, Christ- 
church (New Zealand). Water and Soil Science 
Centre. 

R. J. Burden. 
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Lowland plains are regions of intensive pastoral 
agriculture in New Zealand. Agricultural produc- 
tion in some areas is being increased by irrigation. 
The potential exists for contamination of alluvial 
aquifers, located beneath the plains, by nitrate 
leached from pastureland. Nitrate-N concentra- 
tions in parts of several alluvial aquifers already 
exceed 10 g/cu m and range up to 60 g/ cu m. 
Concentrations vary considerably between summer 
and winter in response to changes in the volume of 
drainage entering groundwater. Urine deposited by 
grazing stock is the principal source of nitrate 
leached from pasture. Nitrogen is applied in urine 
spots at a rate equivalent to 500 kg/ha. Field 
measurements indicate leaching of 10-25 kg N/ha 
annually from non-irrigated pasture and 65-70 kg 
N/ha from surface-irrigated pasture. Although a 
seasonal pattern of nitrate concentrations is re- 
tained in the unsaturated alluvium above the 
aquifers, the seasonal concentration trend observed 
in groundwater results almost exclusively from 
temporal variation in the volume of drainage enter- 
ing groundwater. Mass balance of the major nitro- 
gen inputs and outputs for grazed pastureland con- 
firm the measured leaching losses. Approximately 
15 and 23% of the nitrogen excreted by grazing 
sheep is estimated to be leached from non-irrigated 
and surface-irrigated pastures, respectively. (See 
also W90-10388) y (Author’ 's abstract) 
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DISTRIBUTION OF AGRICULTURAL SOIL 
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In Europe the Chalk constitutes a major source of 
potable water supply. Its outcrop forms extensive 
tracts of agricultural land, where the groundwater 
resources largely originate as infiltrating excess 
rainfall. Research on the unsaturated zone of the 
aquifer beneath such cultivated land should allow 
an assessment of nutrient leaching losses from the 
associated highly-permeable soils and the predic- 
tion of future groundwater quality trends. Pore- 
water profiles for nitrate, and numerous other con- 
stituents, from a site of exceptionally detailed study 
are presented, and compared to results from sites 
elsewhere in England, to demonstrate the impact 
of modern arable agriculture. Environmental iso- 
topes have also been investigated in depth to aid 
the study. (See also W90-10388) (Author’s ab- 
stract) 
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The influence of large pens on the environment is 
equal to that of industrial enterprises. The disposal 
of pen waste by the use of diluted pen waste for 
the irrigation of the fields of the same pen where 
the forage crops are cultivated can result in envi- 
ronmental and primarily, groundwater pollution. 
Groundwater pollution can lead to the loss of 
water supplies and the pollution of rivers and 
water reservoirs by draining groundwater. Thus, 
the advisability of pen sewage irrigation is limited 
by its ability to pollute groundwater. Very often 
this factor is the determinant one, when designing 
the pens. Nitrogen, phosphorus and potassium are 
the main pollutants of the pen affecting ground- 
water; the same substances are nutrients for the 
vegetation. Nitrogen compounds, particularly ni- 
trates, are the main pen pollutants affecting the 
groundwater. Besides these and some other chemi- 
cal components, pen waste contains considerable 
quantities of various microorganisms (bacteria of 
the coliform bacillus group, pathogenic enterobac- 
teria, etc.). Usually bacterial poilution is localized 
in the area, immediately adjacent to the pollution 
source. Groundwater quality prediction should in- 
clude the following, in the case of nitrate pollution: 
(a) time for sewage to reach the groundwater 
level; (b) variations in the nitrate content of 
groundwater as a result of irrigation; and (c) the 
size of polluted areas in the groundwater aquifer. 
In the case of bacterial pollution, this prediction 
incorporates the velocity of sewage reaching the 
groundwater level and the lateral extent of the 
pollution in the aquifer taking into account the 
maximum time of bacterial survival in groundwat- 
er (400 days). (See also W90-10388) (Agostine- 
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NUMERICAL SIMULATION OF THE EFFECT 
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Two numerical models, one for the vadose zone 
and the other for the aquifer system are utilized to 
predict potential nitrate pollution in groundwater. 
Transport by dispersion and convection of mobile 
species of nitrogen, ammonium ion exchange, first 
order nitrogen transformations, and nitrogen plant 
uptake are included in the formulation for the 
vadose zone. Transport of nitrogen in the aquifer is 
assumed to be affected only by dispersion-convec- 
tion phenomena. Justifications for one-dimensional 
conceptualization of flow in the vadose zone and 
two-dimensional representation for the aquifer, 
under various field conditions are presented. To 
illustrate the concept, a simple hypothetical prob- 
lem is solved. The approach presented here pro- 
vides an efficient means of long-term simulation of 
large-scale field problems. (See also W90-10388) 
(Author’s abstract) 
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The underground transport of pathogenic bacteria 
and viruses may be described by the general trans- 
port equation considering dispersion, adsorption 
and biological elimination. The survival time of 
bacteria and viruses in groundwater is different for 
the specific species and for the specific groundwat- 
er environment. Dispersion causes a distribution of 
pollutants in time and space, thus their concentra- 
tion decreases in time and with transport distance. 
Microorganisms are reversibly adsorbed on under- 
ground particles, which causes a retardation of 
their transport velocity with respect to groundwat- 
er flow velocity. Elimination may be time-depend- 
ent. It also may be dependent on the length of the 
flow path, which may be explained with the help 
of filtration theory. Microorganism transport may 
be limited by the pore size and the size of the 
microorganism. Because of this, mechanical filtra- 
tion processes in gravelly aquifers cannot be very 
effective due to the small diameters of bacteria and 
viruses. In natural sediments with heterogeneous 
grain size distribution some percentage of the pore 
diameters can interfere with bacterial transport. 
(See also W90-10388) (Agostine-PTT) 
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Three mathematical models (I, II and III) were 
developed to predict the transport and transforma- 
tion of nitrogen in the soil profile. Model I is based 
on steady soil water flow whereas Models II and 
III are based on transient water flow. Model III is 
similar to Model II except that the dispersion term 
of the N equations was ignored. Model II provided 
the best predictions whereas Model III proved to 
be inferior in comparison to Models I and II. These 
models vary widely in their degree of complexity, 
method of solution as well as the computer time 
required for simulation. In all three models de- 
scribed in this study, the N transformation process- 
es considered were: nitrification of NH4(+) to 
NO3(-), denitrification of NO3(-) and ion exchange 
of NH4(+). The nitrification and denitrification 
processes were considered of the first-order kinetic 
type where k1 and k2 (i/hr) are the rate coeffi- 
cients for nitrification and denitrification, respec- 
tively. It should be noted that the organic-N phase 
was not included in these models, i.e., N mineral- 
ization and immobilization processes were ignored. 
(See also W90-10388) (Agostine-PTT) 
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This volume contains the proceedings of the 
DOE/AECL ‘87 Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for Ground- 
Water Flow and Radionuclide Transport Model- 
ing held in San Francisco, California on September 
15-17, 1987. The conference was cosponsored by 
the United States Department of Energy (DOE) 
and Atomic Energy of Canada Limited (AECL). 
Initial direction for the DOE/AECL ‘87 confer- 
ence was provided by a cooperative research 
agreement in 1986 between DOE and AECL. 
Among other goals, that agreement called for a 
workshop on the statistical treatment of modeling 
data for ground-water flow and radionuclide trans- 
port studies to support the high-level nuclear waste 
disposal programs of the United States and 
Canada. The workshop gradually evolved into an 
international conference including the nuclear 
waste programs of those two countries along with 
as many other countries as possible. The other 
theme of the DOE/AECL ‘87 conference was the 
application of statistical methods for sensitivity and 
uncertainty analysis to nuclear waste disposal flow 
and transport modeling. The conference was orga- 
nized into six technical sessions dealing with differ- 
ent topics in that theme: (1) The role of statistical 
methods in the nuclear waste repository perform- 
ance assessment plans of several waste disposal 
programs; (2) Sensitivity and uncertainty methods 
for large computer codes; (3) Stochastic hydrolo- 
gy; (4) Statistical methods for modeling flow and 
transport in fractured media; (5) Geostatistical 
methods; and (6) The use of subjective information 
to supplement hard data in performance assessment 
studies. (See W90-10405 thru W90-10433) 
(Chonka-PTT) 
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When applied to complicated groundwater models 
or when used to estimate the probability of exceed- 
ing high pollutant concentrations, the Monte Carlo 
method becomes either imprecise or expensive. 
Two methods were used to substantially reduce 
the computational requirements in comparison to 
Monte Carlo (MC) simulation when the objective 
is to estimate a given fractile of the output concen- 
tration. The methods are general with respect to 
the probability distribution of the uncertain source 
and model parameters and with respect to the 
algorithm that estimates the desired concentration, 
given such parameters. One of the methods uses a 
combination of several uncertainty-propagation 
techniques; the other is an adaptation of the Rack- 
witz-Fiessler algorithm of system reliability analy- 
sis. Both methods employ recursive linearization of 
the mass transport model. The methods were im- 
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plemented in a FORTRAN computer code and 
used to evaluate the 0.9 fractile of downgradient 
concentration using a semianalytical three dimen- 
sional mass transport model. Results are typically 
close to direct MC estimates, and the CPU time is 
about two orders of magnitude less than that re- 
quired by the MC method. This is an important 
feature of the proposed methods, especially for the 
evaluation of exposure through complicated nu- 
merical algorithms. Of the two methods consid- 
ered, the one based on the Rackwitz-Fiessler 
method is recommended for two reasons: (1) it is 
numerically more stable, and (2) it produces results 
that do not depend on parameters to be selected by 
the user, such as the sample size and the random- 
number seed. An important feature of the methods, 
which is not available in standard Monte Carlo, is 
the analytical evaluation of sensitivity of the de- 
sired fractile to the input random variables. 
Knowledge of the parameters that are more influ- 
ential is obviously important to refine their treat- 
ment in the transport model and their probabilistic 
representation. (See also W90-10404) (Author’s ab- 
stract) 
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Criteria for valid simplification of radionuclide 
transport models used in performance assessment 
were formulated in a geochemical sensitivity anal- 
ysis. Complementary roles are played by: (1) 
simple transport models designed to bound the 
radionuclide discharge over wide ranges of phys- 
icochemical conditions, (2) detailed geochemical 
models that provide a structured method to obtain 
reliable information about solute/rock/water inter- 
actions, and (3) sensitivity and uncertainty analysis 
techniques used to assess the significance of errors 
in both data and models. A critical review of data 
for use in the more robust triple-layer sorption 
model was carried out. In addition, an evaluation 
of the suitability of the TRANQL code for use in 
performance assessment was made based on code 
flexibility and computing efficiency. Based on 
these reviews, it was concluded that without major 
improvements in both data bases and computer 
codes, detailed chemical models cannot be used in 
place of codes such as NEFTRAN or SWIFT-II 
to assess the compliance of a repository site with 
the EPA Standard 40 CFR Part 191. At present, 
detailed chemical speciation and chemical trans- 
port models are best used to provide insights into 
the nature of significant interactions and correla- 
tions among system variables. The codes can be 
used to assess the validity of simplifying assump- 
tions used in performance assessment tools and to 
extend sensitivity and uncertainty analyses of 
system behavior to detailed geochemical processes. 
(See also W90-10404) (Chonka-PTT) 
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A double-porosity system is one in which the 
primary medium (the surrounding matrix), com- 
posed of low-permeability material, provides a 
high degree of storativity, and the secondary 
medium (fractures) provides a high-permeability 
path of low storativity. A type-curve methodology 
using four dimensionless parameters was devel- 
oped for modeling radionuclide transport through 
a fractured, double-porosity system. Dimensionless 
velocity and dispersion coefficients were used to 
characterize transport through the fractures, while 
dimensionless solute storage enhancement coeffi- 
cients and time constants for matrix diffusion were 
used to characterize the coupling of the matrix to 
the fractures. Using these dimensionless param- 
eters, parameter-variation curves were developed 
to exhibit the general response of nuclide travel- 
time with respect to the entire range of parameter 
variability. Parameter sensitivities were then calcu- 
lated as the normalized derivatives of the parame- 
ter-variation curves for the dimensionless set of 
base-case values. The parameter sensitivities were 
then recast to find the response of the performance 
measure in terms of a natural set of dimensional 
parameters that characterize the double porosity 
transport model. As a final step, importance coeffi- 
cients were defined to ascertain the relative rank- 
ing of the natural set of base-case parameters. The 
method was demonstrated by presenting the results 
obtained by modeling the transport of an infinitely 
long-lived radionuclide through the Culebra Dolo- 
mite of the Rustler Formation, the most transmis- 
sive zone located above the Waste Isolation Pilot 
Plant (WIPP) in southeastern New Mexico. Pa- 
rameter ranges and base-case values depicted the 
uncertain properties of the Culebra, while double- 
porosity transport simulations with the SWIFT II 
model predicted the corresponding range in travel- 
time. The computed parameter sensitivities and 
importance provided valuable guidance to the site 
characterization and repository performance as- 
sessment programs at the WIPP site. (See also 
W90- 10404) (Author’s abstract) 
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A method that incorporates features of Tomovic’s 
sensitivity index to facilitate the time-dependent 
sensitivity analysis of ground-water contaminant 
transport in a radioactive risk assessment applica- 
tion was developed. The basic approach involved 
specification of nominal, minimum, and maximum 
values of the transport parameters, calculation of 
contaminant concentrations corresponding to the 
parameter values, and calculation of the sensitivity 
index as a function of time. A key aspect of the 
method was definition of an appropriate sensitivity 
index. An index was defined that emphasizes devi- 
ations from nominal concentrations that are signifi- 
cant relative to the maximum nominal concentra- 
tion and, at the leading edge of the contaminant 
breakthrough curve, deemphasizes the uncertain- 
ties, which are large on a relative basis but small on 
an absolute basis. The method was illustrated using 
a simple one-dimensional ground-water advection 
dispersion model and is applied to a radioactive 
waste disposal site. An uncertainty analysis of the 
site was performed by Monte Carlo simulaticn for 
comparison. The sensitivity index was found to be 
practical, easily implemented screening tool for 
identifying the critical parameters, determining the 
time periods over which parameter uncertainty is 
important, and obtaining an upper bound estimate 
of the magnitude of the uncertainty. Precise esti- 
mates of the uncertainty can subsequently be ob- 
tained by more elegant techniques. Although the 
application involved low-level radioactive waste, 
the method and general conclusions regarding the 
use of a sensitivity index in ground-water transport 
modeling might be useful in evaluating high-level 
or hazardous waste disposal problems as well. (See 
also W90-10404) (Author’s abstract) 
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Surface water quality and soil chemistry of two 
abandoned mined areas in interior Alaska (the 
Dunkle and the Diamond mines) were evaluated to 
retrieve data to help develop reclamation alterna- 
tives for the sites. Soil and water chemistry indicat- 
ed that no major pollutants were threatening 
nearby water courses. Leaching of mineral salts 
occurred at both sites, with Na being the predomi- 
nant cation found. Spoil materials at both sites are 
oxidized and were neutral to slightly acidic. Em- 
phasis in the lower-48 states is on rapid establish- 
ment of vegetation on disturbed lands with barren 
spoils viewed as reclamation problems. In colder 
climates, development of vegetative cover onto 
barrea areas often requires years, even with opti- 
mum soil conditions. The reclamation alternatives 
selected for the two sites emphasized removal of 
safety hazards rather than extensive regrading and 
topsoiling, which would have destroyed existing 
reclamation vegetative cover and disturbed soil 
profiles which had developed since mining. (See 
also W90-10434) (Author’s abstract) 
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This volume contains a collection of papers pre- 
sented at a Symposium on Groundwater Contami- 
nation held during the Third IAHS Scientific As- 
sembly in Baltimore, MD on May 11 to 12, 1989. 
The papers fall into three general categories: those 
relating to processes governing the transport and 
fate of contaminants; those which are concerned 
with aquifer degradation due to agricultural prac- 
tices and non-point sources; and those which deal 
with aquifer rehabilitation schemes or studies. A 
major thrust of the first group of papers is on 
mathematical modeling, focusing on the complex- 
ities of predicting the transport and fate of con- 
taminants. Three primary research areas are high- 
lighted: examination of the importance of hetero- 
geneities in the dispersion process; coupling of 
chemical transformations with the classical trans- 
port equations; and the modeling of microbial 
transport and biotic transformations of pollutants 
in aquifer systems. Two additional papers in this 
section describe the modeling of immiscible phase 
flow and the experimental investigation of chemi- 
cal causes of groundwater motion. The second 
group of papers also contains a number dealing 
with mathematical modeling. Here, however, the 
emphasis is on the development of such models for 
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management of agricultural and other land uses. 
Physical, chemical and biological processes are 
considered from this perspective. Included are sev- 
eral case studies which investigate the impact of 
land use management on aquifer water quality. The 
final three papers are concerned with aquifer reha- 
bilitation. Use of hydraulic measures, interactions 
of transport and sorption phenomena, and the en- 
hancement of natural microbial degradation proc- 
esses are treated. (See W90-10502 thru W90-10523) 
(Author’s abstract) 
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Many numerical groundwater quantity and quality 
models are available to predict the distribution of 
head, velocity, and concentration of a dissolved 
substance in an aquifer system. Although tradition- 
al procedures represent dispersion through disper- 
sive terms in the solute transport equation, the 
approach presented in this paper does not include a 
Fickian dispersion term. Here, a fine solution for 
solute transport is embedded in a coarser grid 
model for groundwater flow. Whereas in the 
coarse grid model only a mean value of transmissi- 
vity and porosity is used for each block in order to 
describe the flows between blocks, for the fine 
solution the heterogeneous nature of the aquifer 
properties is fully recognized. The interior bounda- 
ry value problem is solved essentially analytically. 
As a result, the head and velocity fields within 
each block are known as continuous analytic func- 
tions in time and space. The governing equation 
for solute transport without any formal dispersive 
term is solved using the method of characteristics. 
The methodology was developed to reduce costs 
while maintaining accuracy. Results obtained with 
this model demonstrate readily that the phenome- 
non of dispersion, including its tensorial character, 
can be described from the fine description of aqui- 
fer property variability within each block. (See 
also W90-10501) (Author’s abstract) 
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Numerical flow and transport models often at- 
tempt to assist in the development of a more com- 
plete understanding of the groundwater contami- 
nation problem. One method, the inverse modeling 
approach, is also known as parameter estimation or 
identification method. A two-stage inverse model 
of flow and transport through porous aquifers has 
been developed. Two separate objective functions 
are minimized using the Levenberg-Marquardt al- 
gorithm. The transmissivity field is stochastic and 
the flow model parameters are the governing sta- 
tistical parameters. Kriging is used to derive the 


entire T-field. Model parameters of transport are 
the source concentration and the dispersivity coef- 
ficients. The model was applied to a fictitious 
aquifer, and with regard to the direction of trans- 
port, simulations indicate that the transmissivity 
distribution is entirely decisive. With regard to the 
contamination level, the source concentration 
dominates. The dispersivities exert only secondary 
influence on the transport. Further, it was found 
that relative concentration differences produce 
more reliable results than ordinary least square 
minimization, and that a second order approxima- 
tion of the mean log T-field results in a closer fit in 
the far field region of the plume than a first order 
approximation. (See also W90-10501) (Author’s ab- 
stract) 
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This study concerns the propagation of fuel con- 
taminant in a nonexpansive porous medium which 
is originally completely saturated with water. Fuel 
migration in a porous medium is analyzed by ap- 
plying the assumption of dynamic equilibrium ex- 
isting between the continuous and the discontinu- 
ous fuel phases. The latter phase represents the 
residual fuel saturation. Some power law relation- 
ships are applied between the porous medium pa- 
rameters referring to fuel migration and fuel satu- 
ration. Such an application generates a self-similar 
model whose solutions represent the characteristics 
of fuel pollutant migration in the porous medium. 
By applying the self-similar model, the effect of 
porous structure and fuel properties on fuel migra- 
tion in the porous medium is analyzed. The similar- 
ity model developed replaces time and space co- 
ordinates appearing in the transport equation by a 
single coordinate. Application of the self-similar 
model significantly affects the fuel inhibition and 
drainage in the porus medium by water flow rates. 
(See also W90-10501) (Author’s abstract) 
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Adsorption reactions in porous media transport 
can be described using either an equilibrium or 
kinetic approach. A new random walk method is 
presented for simulating the transport of kinetically 
adsorbing solutes. The method incorporates ad- 
sorption directly into the particle tracking algo- 
rithm by utilizing an analytical formula for the 
probability density function of the fraction of time 
a particle spends in the aqueous phase. The new 
method was compared to two other techniques for 
one-dimensional, nondispersive test cases, i.e., a 
continuous time history method and a small time 
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step method. The two cases tested involved a 
constant input of solute at the upstream boundary, 
and an instantaneous point discharge of aqueous- 
phase solute as the initial condition. The new 
method is shown to be more accurate and compu- 
tationally efficient for moderate to fast reaction 
rates and was used in the development of a two 
dimensional transport code which runs on an Al- 
liant FX-8 computer. Future extension to two- 
dimensional, randomly heterogeneous media is 
planned. (See also W90-10501) (Author’s abstract) 
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Analysis of ion exchange processes is an indispen- 
sable requirement for the determination of geo- 
chemical migration, in the evaluation of ground- 
water quality changes and also in the demarcation 
of protection zones. The most useful tool for study 
of these interactions in water-rock systems are 
methods of numerical modeling. Numerical experi- 
ments with the ion exchange transport scheme for 
a temporary point source injection into steady 
uniform flow show that the cation transfer pro- 
ceeds in three periods of time: (1) where t (time) L 
or = t sub c (time in which the constant source 
concentration of pollutants is maintained; (2) when 
the activity of the pollution source is stopped and 
is of duration t sub c < t < t subs; and (3) where 
the concentration front appears and its movement 
velocity is controlled by supplementary capacities. 
The distribution of cation concentrations appears 
to be complicated; the breakthrough curves consist 
of several branches with horizontal plateau zones 
between them. The shape of these branches de- 
pends on the influence of hydrodispersion and 
exchange nonlinearity effects to a considerable 
extent. (See also W90-10501) (Author’s abstract) 
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A major problem in assessing the impact of pollut- 
ants on the quality of groundwater, in designing a 
monitoring system, and in evaluating the effects of 
any countermeasures, is the long term prediction 





of the migration patterns that are to be expected. 
This is especially true in the case of inorganic 
micro-pollutants, such as heavy metals, that are not 
only advected due to the groundwater flow but 
also interact with the solid phase as weli as with 
other dissolved chemicals. In this study, a typical 
and commonly occurring contaminated land reha- 
bilitation problem is examined using predictive 
modeling techniques. The case study involves soil 
that has been contaminated by dumping of heavy 
metal sludge that contain cadmium. It is shown 
that there are significant advantages in using cou- 
pled geochemical and migration model codes to 
achieve the desired objective. Most notably, the 
differences in breakthrough between one dimen- 
sional and two-dimensional models for the cast 
problem are such that in engineering terms this 
would imply a significantly different downstream 
purification plan operation than otherwise. Atten- 
tion is focused on the dimensionality of the flow 
field and it is shown that this cannot be ignored. 
However, it is also demonstrated that, retardation 
principles can be usefully applied to give major 
improvements over a worst case hydraulic travel 
time approach. (See also W90-10501) (Author’s 
abstract) 
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For primary bibliographic entry see Field 2K. 
W90-10509 


CONSIDERATIONS FOR MODELING TRANS- 
PORT OF BACTERIA IN CONTAMINATED 
AQUIFERS. 

Geological Survey, Menlo Park, CA. Water Re- 
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1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 
DC. 1989. p 75-82, 1 fig, 20 ref. 
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Movement of indigenous (native) bacteria and bac- 
terial pathogens through contaminated aquifers is 
becoming an increasingly important issue in public 
health and waste management. Predictive model- 
ing is often problematic, because many aspects of 
bacterial transport are not well understood and 
there is a scarcity of data. The three main mecha- 
nisms of bacterial migration through organically- 
contaminated aquifers are continuous transport, 
discontinuous or intermittent transport, and che- 
motactic migration. The contributions of each type 
of transport in an aquifer depend upon a complex 
set of physical and chemical conditions. Biotic and 
abiotic factors affecting transport of bacteria 
through contaminated groundwater include bacte- 
rial growth, predation by eukaryotic microorga- 
nisms, parasitism by bacteriophages (bacteria-spe- 
cific viruses) and predatory bacteria (Bdellovibrio), 
lysis under unfavorable conditions, changes in bac- 
terial size and propensity for attachment to solid 
surfaces in response to alterations in nutrient con- 
ditions, spore formation in the case of some gram- 
positive species, sorption and biological adhesion 
to solid surfaces, detachment from surfaces and 
straining. (See also W90-10501) (Author’s abstract) 
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Research. 
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The management of water and its dissolved con- 
stituents from the soil surface through the unsatu- 
rated zone to groundwater supplies requires an 
accurate conceptual understanding and a quantita- 
tive description of all relevant physical, chemical 
and biological processes and properties in the un- 
saturated zone. Several conceptual problems and 
opportunities for modeling vadose zone water flow 
and solute transport processes are reviewed in this 
paper. The large number of transport models can 
be divided into two groups, process models and 
stochastic models. Process models develop a de- 
scription of transport based on mass conservation 
and flux laws, leading to differential equations to 
predict values of the water and solute variables as 
functions of position and time. Some consider- 
ations discussed are water flow in soil, solutes in 
the soil, convective-dispersive flow and structural 
models. Stochastic models, in contrast, describe 
the variables as random functions, which depend 
on the distribution of values of the soil properties 
which determine the movement. Several approach- 
es are Monte Carlo simulation, stochastic continu- 
um approach, stochastic convective approach and 
scaling. Alternatives to classical modeling ap- 
proaches outlined include: Chromatographic con- 
siderations of solute transport, Markov processes, 
and fractal distribution. (See also W90-10501) 
(VerNooy-PTT) 
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Political, scientific, and public attention to ground- 
water contamination by hazardous wastes is well 
known. Perhaps not as well recognized is the 
threat to subsurface water quality posed by agri- 
cultural operations. The Agricultural Research 
Service (ARS) is developing a multi-component 
model of unsaturated zone hydrology and water 
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quality in agricultural environments for the pur- 
pose of better managing agricultural practices. The 
model is known as the Root Zone Water Quality 
Model (RZWQM). RZWOQM is a physically-based, 
process-oriented model that includes the major 
physical, chemical, and biological processes that 
are of interest in agricultural systems. The model is 
designed primarily to compare effects of alterna- 
tive management practices (e.g. tillage, fertilizer 
and pesticide application, irrigation); therefore a 
one-dimensional point representation of the proc- 
ess is adequate. However, given the rigorous basis 
of the model it is expected that RZWQM will have 
application as a general purpose unsaturated zone 
flow and transport model. The advanced technical 
content of RZWQM is augmented by full imple- 
mentation on microcomputers and professional- 
quality user interfaces for data entry and output 
report generation. A general discussion of the 
model is followed by examples of model capabili- 
ties. The modular design of the model will contrib- 
ute to long model life since it can easily be updated 
and modified. Modularity will also contribute to 
the usefulness of RZWQM as a research tool, since 
different submodels can be incorporated in a rela- 
tively straightforward manner. (See also W90- 
10501) (Author’s abstract) 
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The Breede River catchment is one of the most 
important agricultural production areas in the 
semiarid Western Cape Province. Irrigation began 
in the 18th century, and at the present time, more 
than 50,000 ha are under irrigation. A research 
program was launched in 1987 in the Breede River 
valley, to estimate the contribution of saline 
groundwater to the salination of the main river. 
Groundwater observation holes, drainage ditches, 
and the major tributaries are included in the pro- 
gram. Groundwater under non-irrigated land is 
very saline and EC (electrical conductivity)-values 
up to 8000 milliSiemens/m were measured. Vari- 
ations are negligible, and water levels remain con- 
stant more than 15 meters below the surface. 
Groundwater under irrigated land is shallow and 
corresponds immediately to the irrigation cycles. 
Its relief always shows a gradient towards the 
Breede River and partly flows in buried former 
flood channels towards the river. The investigated 
drains indicate that salts are temporarily stored in 
the unsaturated zone during the irrigation season 
and later are flushed out by the winter rainfall. The 
tributaries show an EC-distribution and salt output 
dynamic similar to those of the drains. During the 
irrigation season their salinity increases continu- 
ously by inflow from point sources and seepage of 
saline groundwater. In a first approach, the 
groundwater contribution to the discharge of the 
tributaries was estimated by using the measured 
EC and assuming different irrigation efficiencies. 
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The simulation proved, that groundwater dis- 
charge is of dominant importance to the discharge 
of each tributary, if irrigation efficiencies vary 
between 70 and 80%. (See also W90-10501) (Au- 
thor’s abstract) 
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The principal objective of this preliminary study is 
to measure the fluxes of major dissolved substances 
in the snow meltwater and soil media system in 
different geohydrological and climatological con- 
ditions in Finland. Composition of substances and 
the internal cycling of cations and anions in perco- 
lation water were studied during the period 1986 
to 1988 in sandy and gravelly soils in Finnish 
quaternary deposits. Electrical conductivity, pH, 
alkalinity, sulfate, iron, manganese, silicate, 
sodium, potassium, calcium, magnesium, nitrite, ni- 
trate, ammonium, total nitrogen, phosphate, total 
phosphorus, chloride, aluminum, cadmium, 
copper, lead, manganese, nickel and zinc of the 
percolating water were analyzed. The substance 
concentration in the meltwater changed consider- 
ably as the water filtered through the unsaturated 
zone. Hydrogen atoms of the acidic meltwater 
tend to be replaced by base cations from the soil, 
with the result that the alkaline content of the soil 
water increases. In Finland the natural buffering 
capacity of the mineral soil is rather low and the 
precambrian bedrock is poor in calcium and con- 
sists mainly of acidic rocks. For these reasons the 
groundwater in Finland is particularly sensitive to 
pollution. The commonest elements in igneous 
rocks, such as silicon, aluminum and iron as well as 
lead, have low mobility in the hydrosphere, while 
chlorine and sulfate are very mobile and wide- 
spread. (See also W90-10501) (Vernooy-PTT) 
W90-10520 
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A glacial outwash aquifer near Ottawa, Canada, 
has become polluted with toxic organic chemicals 
following the disposal of laboratory solvents in 
shallow trenches of the Gloucester Landfill imme- 
diately above the aquifer. Several remedial options 
considered by the environmental authorities for 
decontaminating the aquifer are discussed. Imper- 
meable barrier walls were rejected as unsuitable, 
given the permeable nature of the underlying bed- 
rock. After groundwater quality monitoring, data 
for the period 1980 to 1988 suggests that the exist- 
ence of pools of liquid organic chemicals 
(DNAPLs) within the aquifer is improbable. 
Therefore, much of the plume can be removed 
hydraulically over a period of four years by the 
operation of four purge wells pumping to an on- 
site treatment plant from which the purified water 
is returned to the aquifer by recharge wells. Opti- 
mization of the placement of the purge wells is 
being accomplished by the development of com- 
puter models of groundwater flow and solute 
transport within the Gloucester flow system. A 
final phase of decontamination might involve in- 
situ biorestoration techniques presently under de- 
velopment. (See also W90-10501) (Author’s ab- 
stract) 
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Freshwater clams, Anodonta cygnea, were treated 
during three months with the chitin-inhibitor, di- 
flubenzuron (Dimilin(TM) PH 60-40), suspended in 
water at a concentration of 200 mg/L. Cytochemi- 
cal observations, carried out on the outer mantle 
epithelium (ORE) of treated and control animals, 
showed secretory cells with a periodic-acid Schiff 
(PAS) positive reaction and a negative reaction to 
enzymatic hydrolysis by amylase. However, mor- 
phological observations by scanning electron mi- 
croscopy (SEM) showed that diflubenzuron 
strongly affects the normal calcification process on 
the lamellar layer of the shell, since the calcareous 
crystals do not form continuous layers, but rather 
disintegrated layers. These observations suggest 
that diflubenzuron may block the polycondensa- 
tion reactions to chitin chains in the ORE secreto- 
ry cells of the freshwater clam, Anodonta cygnea, 
producing unpolymerized chitin (unstabilized 
chitin) only. Diflubenzuron suspended at this con- 
centration (200 mg/L), is not directly toxic to 
freshwater clam, Anodonta cygnea; however, a 
more persistent (chronic) exposure to this chemical 
compound may render the shell breakable. (Au- 
thor’s abstract) 
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ACUTE AND CHRONIC TOXICITY OF AM- 
MONIA TO MARINE FISH AND A MYSID. 
Environmental Protection Agency, Narragansett, 
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The acute toxicity (96-hour LCS50) of un-ionized 
ammonia to mysids (Mysidopsis bahia) and larval 
inland silversides (Menidia beryllina) was influ- 
enced by pH and salinity in a species specific 
manner. With mysids, NH3 was most toxic at pH 
7.0 and less toxic at pH 8.0 and 9.0. In contrast, 
NH3 toxicity to inland silversides was greatest at 
pH 7.0 and 9.0 and lowest at pH 8.0. A drop in 
salinity from 31 g/kg to 11 g/kg uniformly in- 
creased toxicity to mysids over this pH range. In 
contrast, in silversides at 11 g/kg, NH3 toxicity 
was less at pH 7.0, greater at pH 8, and slightly less 
at pH 9, relative to the toxicity at 31 g/kg. Tem- 
perature had no significant effect on the acute 
toxicity of un-ionized ammonia with acclimated 
mysids tested at 18, 25, and 32.5 C, but did have a 
small effect with acclimated larval sheepshead 
minnows (Cyprinodon variegatus) tested at 13, 25 
and 32.5 C. The chronic toxicity value (the geo- 
metric mean of the highest no-effect concentration 
and lowest effect concentration) at pH 8.0, 25 C 
and 31 g/kg salinity is 0.061 mg NH3 for inland 
silversides and 0.232 mg NH3/L for mysids; the 
acute:chronic ratio is 21.3 and 7.2, respectively. 
(Author’s abstract) 
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A zooplankton community was established in out- 
door concrete ponds to which an insecticide, car- 
baryl (0.5 mg/L final concentration) was applied at 
different times relative to the population trend. 
The chemical application markedly reduced the 
cladoceran and copepod populations, but not ro- 
tifer population. After the treatments, Bosmina fa- 
talis recovered earlier than Daphnia spp. and was 
predominant until recovery of the Daphnia. The 
reappearance of Daphnia was gradually delayed 
when the treatment was carried out at later times. 
Thus, the treatment induced the predominance of 
Bosmina, and the period when Bosmina predomi- 
nated was extended when the carbaryl applications 
were delayed. The recovery of Daphnia was prob- 
ably retarded by the decline in water temperature, 
which decreased steadily during most of the exper- 
imental period. When carbaryl was applied during 
the increasing phase of the Keratella valga popula- 
tion, the population increased still further in densi- 
ty. When the population was exposed to the chemi- 
cal during its decreasing phase, it did not recover 
even when competitors disappeared. Thus, applica- 
tions of the insecticide at different times induced 
different recovery patterns of the zooplankton 
community in the ponds. (Author’s abstract) 
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High metal availability, arising from mining and 
industrial activities, disposal of sewage sludge or 
soil acidification, is an increasing problem in agri- 
culture and forestry. Metal toxicity causes multiple 
direct and indirect effects in plants which concern 
practically all physiological functions. In this 
review the effects of excess heavy metals and 
aluminum on those functions which will alter plant 
water relations are considered. After a brief com- 
ment on the metal effects in cell walls and plasma- 
lemma, and their consequences for cell expansion 
growth, the influences of high metal availability on 
the factors which regulate water entry and water 
exit in plants are considered. Emphasis is placed on 
the importance of distinguishing between low 
water availability in mine and serpentine soils and 
toxicity effects in plants which may impair the 
ability of a plant to regulate water uptake. Exam- 
ples on water relations of both plants grown on 
metalliferous soil and hydroponics are presented, 
and the effects of metal toxicity on root growth, 
water transport and transpiration are considered. It 
is concluded that future research has to focus on 
the mechanisms of metal-induced inhibition of both 
root elongation and morphogenetic processes 
within roots. In order to understand the relation 
between metal tolerance and drought resistance 
better, further studies into metal tolerance mecha- 
nisms at the cell wall, membrane and vacuolar 
level, as well as into the mechanisms of drought 
resistance of plants adapted to metalliferous soils 
are required. (Author’s abstract) 
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SOILS. 
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Patterns of temperature selection of naive large- 
mouth bass (Micropterus salmoides) transplanted 
from an adjacent normothermic site to a cooling 
reservoir for a nuclear reactor were investigated. 
Lethally hot (>45 C) water entered the reservoir 
periodically. Temperature-sensing radio transmit- 
ters, which were surgically implanted in 10 fish, 
enabled the monitoring of the movement of bass 
during different times of the year in the thermally 
heterogeneous environment. Naive bass exhibited a 
range of reactive thermoregulatory behaviors 
which led half of them to cool-water refuges in the 
reservoir. Moreover, some bass appeared to learn 
the thermal characteristics of the refuges. These 
behaviors were sufficient for 30% of the naive fish 
to survive extreme thermal conditions. (Author’s 
abstract) 
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The values of allowable concentrations for Roka- 
phenol N-8 and Rokaphenol NX-8 (two non-ionic 
detergents produced by condensation of alkylphen- 
ols with ethylene oxide) were calculated on the 
basis of experimentally determined LC 50 values 
and adopted allowable concentration coefficients. 
The effect of allowable concentrations of the de- 
tergents as well as concentrations two and five 
times higher was observed in communities of orga- 
nisms inhabiting flow-through aquaria. The limit 
concentration (the highest concentration produc- 
ing no visible harmful effect) was accepted as a 
criterion for evaluating the toxic effect of Roka- 
phenols on water organisms in the investigation. In 
those tests at the population level the most sensi- 
tive organisms proved to be plants, particularly 
Scenedesmus quadricauda, and among the animals, 
Gammarus pulex. In the investigations at the eco- 
system level the sensitivity of plants and animals 
(except Tubifex tubifex) was on the same level and 
similar for the two Rokaphenols. The allowable 
concentrations of the Rokaphenols, determined on 
the basis of experiments of short duration, proved 
to be non-toxic to organisms inhabiting flow- 
through aquaria within the 4-week period of the 
experiment. (White-Reimer-PTT) 

W90-09676 


INVESTIGATION ON WATER BUGS (HETER- 
OPTERA) IN STRONGLY POLLUTED LAKE 
SUSKIE (NORTHERN POLAND). 

Teacher Training Coll., Olsztyn (Poland). Dept. of 
Ecology and Environment Protection. 

E. Biesiadka, and U. Szczepaniak. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 453-464, 1987. 4 fig, 3 tab, 20 ref. 


Descriptors: *Aquatic insects, *Eutrophic lakes, 
*Species diversity, *Water pollution effects, Lake 
Suskie, Lakes, Municipal wastewater, Poland, 
Wastewater pollution. 


The occurrence of aquatic insects in the strongly 
polluted Lake Suskie in the Mazurian Lake Dis- 
trict in Poland was investigated. Lake Suskie is 
strongly polluted with municipal wastewater from 
the town of Susz. Samples were collected once a 
month from May to November 1980. The 4405 
specimens collected represented only 14 species 
which indicates an extreme impoverishment of the 
aquatic fauna. This impoverishment of species to- 
gether with the large numbers of individuals of 
four species of insect (Sigara falleni, S. striata, S. 
concinna, and S. praeusta, which constituted 
98.6% of the collected material) are the result of 
pollution. (White-Reimer-PTT) 

W90-09681 


HEPTACHLOR INDUCED HEMATOLOGICAL 
AND BIOCHEMICAL CHANGES IN THE 
INDIAN CATFISH (HETEROPNEUSTES FOS- 
SILIS (BLOCH.)). 

Gorakhpur Univ. (India). Dept. of Zoology. 

A. K. Srivastava, and J. Mishra. 

Acta Hydrobiologica (Cracow) AHBPAX, Vol. 
29, No. 4, p 489-495, 1987. 3 tab, 30 ref. 


Descriptors: *Fish, *Heptachlor, *Insecticides, 
*Sublethal effects, *Toxicity, *Water pollution ef- 
fects, Catfish, Fish physiology, India. 


Effects Of Pollution—Group 5C 


The median tolerance limits of the Indian catfish 
(Heteropneustes fossilis) to the insecticide, hepta- 
chlor, and the effects of the insecticide on certain 
indicators of carbohydrate metabolism, blood chlo- 
ride levels, and hematological variables were in- 
vestigated. The fish were collected from a local 
pong and acclimated in tap water for 10 days 
before being exposed to the insecticide. The 24, 48, 
72, and 96 hr median lethal concentrations for H. 
fossilis were 0.40, 0.32, 0.28, and 0.22 mg/cu dm, 
respectively. A concentration of 0.11 mg/cu dm 
heptachlor in water elicited both muscle and he- 
patic glycogenolysis at 2, 6, 12, 48 and 96 hr, 
hyperglycemia between 2 and 48 hr, hypochlore- 
mia at 2, 6, and 12 hr, and later, and hyperchlore- 
mia at 48 and 96 hr. The pesticide also caused a 
decrease in hemoglobin content and hematocrit, 
and hypocoagulability of the whole blood. These 
results indicate that heptachlor causes alterations in 
the carbohydrate metabolism and osmoregulatory 
and hemostatic mechanisms of fish. Whether these 
changes reflect compensatory mechanisms in the 
fish or biochemical effects of the toxic action of 
the insecticide remains to be elucidated. (White- 
Reimer-PTT) 

W90-09682 


PHOSPHORUS BUDGET OF THE MARSDIEP 
TIDAL BASIN (DUTCH WADDEN SEA) IN 
THE PERIOD 1950-1985: IMPORTANCE OF 
THE EXCHANGE WITH THE NORTH SEA. 
Nederlands Inst. voor Onderzoek der Zee, Texel. 
W. van Raaphorst, and H. W. van der Veer. 
Hydrobiologia HYDRB8, Vol. 195, p 21-38, April 
30, 1990. 6 fig, 6 tab, 56 ref. 


Descriptors: *Eutrophication, *Nutrient transport, 
*Path of pollutants, *Phosphorus, *The Nether- 
lands, *Tidal basins, *Water pollution effects, Mass 
balance equation, North Sea, Wadden Sea, Water 
currents. 


Nutrient and carbon budgets of the western part of 
the Dutch Wadden Sea are based on a previously 
formulated concept: import of organic compounds 
from the North Sea, mineralization in the estuary 
and subsequently an export of dissolved inorganic 
nutrients to the North Sea. A study was conducted 
to determine the phosphorus budget of the west- 
ernmost part of the Wadden Sea (Marsdiep basin) 
during the period 1950-1985 to evaluate this con- 
cept and to investigate whether eutrophication 
processes have changed these P-budgets during the 
last decades. The budgets are based on a general 
mass balance equation in which the main entries 
are the loadings via the freshwater sources, the net 
sediment-water exchange, the exchange with the 
North Sea, the input from the adjacent Vlie basin, 
and a transformation term representing the inter- 
change between dissolved and particulate phos- 
phorus. Averaged over the entire period 55% of 
the phosphate input (SRP) to the basin is delivered 
by the fresh water sources, and 45% by the Vlie 
basin. For non-SRP components these numbers are 
50% and 40% respectively, while only 10% comes 
from the North Sea. The import from the North 
Sea, as calculated by the model thus seems less 
important than previously documented. There is a 
clear eutrophication effect during the last decades. 
In the first 20 years of the period investigated there 
was a moderate increase in the TP (total phospho- 
rus) input to the basin, partly caused by an increas- 
ing input of non-SRP (TP minus soluble reactive 
phosphorus) from the North Sea. In 1970/71 
almost 30% of the non-SRP loading originated 
from the North Sea. From approximately 1975 
onwards this import of non-SRP turned into an 
export, while the TP-loading from the other 
sources increased until a maximum was reached in 
1981. Recently a decrease in the TP-inputs has 
been observed. It is concluded that the recent 
output of phosphorus from the Marsdiep basin may 
have a considerable impact on the adjacent area of 
the North Sea. (Author’s abstract) 

W90-09685 


RESPONSE OF THE DUTCH WADDEN SEA 
ECOSYSTEM TO PHOSPHORUS _DIS- 
CHARGES FROM THE RIVER RHINE. 


Rijkswaterstaat, Haren (Netherlands). Tidal 
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Waters Div. 

V. N. de Jonge. 

Hydrobiologia HYDRB38, Vol. 195, p 49-62, April 
30, 1990. 10 fig, 3 tab, 27 ref. 


Descriptors: *Nutrient transport, *Path of pollut- 
ants, *Phosphates, *Phosphorus, *Primary produc- 
tion, *Rhine River, *The Netherlands, *Wadden 
Sea, *Water pollution effects, Eutrophication, 
Issel river, Lake [Jssel, Plankton, Seasonal varia- 
tion, Tidal basins. 


The primary production in the western part of the 
Dutch Wadden Sea (Marsdiep tidal basin) has been 
reported to have increased by a factor of two since 
the late 1970s. This doubling of the phytoplankton 
and the microphytobenthos production has been 
ascribed to the eutrophication of that area: mean 
annual phosphate concentrations have increased, 
whereas the nitrogen concentrations have not. 
Analysis of the available production data indicates 
a more than tenfold increase of the production of 
the phytoplankton in the Marsdiep tidal channel 
since the early 1950s. The increase in the phyto- 
plankton production in the inner area seems to be 
of the same order of magnitude. The primary 
production of the phytobenthos and the secondary 
production of the macrozoobenthos seems to have 
increased proportionally to that of the phytoplank- 
ton. It is known that the nutrients in the Marsdiep 
tidal basin originate from the River Rhine. Howev- 
er, there are two possible routes for nutrients to 
reach that area. One is via the River Issel and 
Lake IJssel. The other is along the coast of the 
North Sea, where the water transport is driven 
northeastward by the residual current. Analysis of 
available data shows that the annual primary pro- 
duction in the Marsdiep tidal basin is mainly deter- 
mined by the phosphate discharge from Lake 
IJssel which directly reach that part of the 
Wadden Sea, rather than from the River Rhine 
from which the water must run northward along 
the coast before reaching the western Dutch 
Wadden Sea. The close relation between fluctua- 
tions in annual phosphate discharges and fluctua- 
tions in annual phytoplankton primary production 
up to more than ten times the 1950 values indicates 
that primary production in the Marsdiep tidal 
channel and probably even in the main part of the 
whole basin, was and is phosphate limited. (Au- 
thor’s abstract) 


LONG-TERM STUDIES OF THE BENTHIC BI- 
OLOGY OF TEES BAY AND THE TEES ESTU- 
ARY. 

Imperial Chemical Industries Ltd., Brixham (Eng- 
land). Brixham Lab. 

For primary bibliographic entry see Field 5G. 
W90-09688 


ENTEROMORPHA AS A MONITOR OF 

HEAVY METALS IN ESTUARIES. 

Northern Environmental Consultants Ltd., Consett 

(England). 

For primary bibliographic entry see Field 5A. 
90-09691 


HUMBER ESTUARY--A CASE STUDY. 

NRA (Anglian region) Marine Laboratory, Aqua 
House, Harvey Street, Lincoln, LN1 1TF, Eng- 
land. 


For primary bibliographic entry see Field 5B. 
W90-09692 


PREDICTION OF SUSTAINED SODIC IRRI- 
GATION EFFECTS ON SOIL SODIUM SATU- 
RATION AND CROP YIELDS. 

Punjab Agricultural Univ., Ludhiana (India). 
Dept. of Soils. 

For primary bibliographic entry see Field 3F. 
W90-09705 


IMPACTS OF ACID RAIN 
BIRDS. 

National Wildlife Research Centre, Ottawa (Ontar- 
io). 

A. W. Diamond. 


ON AQUATIC 


Environmental Monitoring and Assessment 
EMASDH, Vol. 12, No. 3, p 245-254, July 1989. 1 
fig, 42 ref. 


Descriptors: *Acid rain, *Acid rain effects, 
*Heavy metals, *Literature review, *Water birds, 
*Water pollution effects, Acidification, Aluminum, 
Biological magnification, Ducks, Europe, Fish, 
Loons, Mercury, North America, Ontario, Repro- 
duction, Soil contamination, Toxicity. 


Studies of toxicological and ecological effects of 
acidification on aquatic birds in Europe and North 
America are reviewed. Heavy metals are deposited 
by acid emissions, which also increase solubility 
and mobility of heavy metals in soil and water. 
Aluminum is leached from soil and mobilized from 
lake sediments under acid conditions; it removes 
susceptible fish and invertebrate species and con- 
taminates remaining invertebrates. It is not highly 
toxic to birds, but may interfere with their regula- 
tion of calcium and phosphorus. Mercury is con- 
centrated as methyl mercury in fish tissues and 
tends to be biomagnified in aquatic food chains. 
Experimental studies have demonstrated negative 
effects on reproduction of birds; wild common 
loons (Gavia immer) breed less successfully in ter- 
ritories contaminated by mercury. The clearest 
demonstrable effect of acidification on aquatic 
birds is the disruption of their food chains. The loss 
of invertebrates and fish affects both the food webs 
and the predators and competitors of aquatic birds. 
Cyprinid fish are important food resources of fish- 
eating birds, in Europe as well as in North Amer- 
ica, and are particularly sensitive to acidification. 
Fish-eating waterfowl] in Ontario are scarcer, and 
breed less successfully, in areas of high acid deposi- 
tion. Experimental studies of imprinted black duck 
(Anas rubripes) showed that they grew more 
slowly on acidic lakes, apparently due to competi- 
tion from acid-tolerant fish for a reduced inverte- 
brate resource. Negative effects of acidified habi- 
tats on growth and reproduction, again through 
depletion of the food-web, also have been demon- 
strated in field studies of tree swallows (Tachycin- 
eta bicolor) and European dippers (Cinclus cin- 
clus). (Author’s abstract) 

W90-09723 


LOSSES OF BIOTA FROM AMERICAN 
AQUATIC COMMUNITIES DUE TO ACID 
RA 


Department of Fisheries and Oceans, Winnipeg 
(Manitoba). Freshwater Inst. 

D. W. Schindler, S. E. M. Kasian, and R. H. 
Hesslein. 
Environmental 
EMASDH, Vol. 12, No. 3, p 269-285, July 1989. 4 
fig, 1 tab, 58 ref. 


Monitoring and Assessment 


Descriptors: *Acid rain, *Acid rain effects, 
*Aquatic biota, *Species diversity, *Toxicity, 
*United States, *Water pollution effects, Adiron- 
dack Mountains, Cations, Catskill Mountains, 
Crustaceans, Fish, Geochemistry, Insects, Leeches, 
Maine, Mathematical models, Michigan, Minneso- 
ta, Mollusks, New England, Pocono Mountains, 
Water chemistry, Wisconsin. 


Models based on chemical survey data and geo- 
chemical assumptions were calibrated for areas 
where rates of acidification are known, then used 
to predict the declines of alkalinity and pH of lakes 
in the eastern and midwestern United States. These 
results were combined with known acid tolerances 
of different taxonomic groups to estimate the 
extent of damage caused by acid rain to biological 
assemblages. An average of over 50% of the spe- 
cies in some taxonomic groups probably have been 
eliminated from lakes in the Adirondacks, Poco- 
nos-Catskills, and southern New England. Moder- 
ate damage to biotic communities was predicted 
for lakes in central New England and north central 
Wisconsin. Damage predicted in Maine, upper 
Michigan, northeastern Minnesota, and the remain- 
der of the upper Great Lakes regions was slight. 
Crustaceans, molluscs, leeches, and insects were 
among the most severely affected groups. Among 
fishes, species of minnows (Cyprinidae) were de- 
pleted in the most heavily acidified regions, with 
some declines in salmonid and centrarchid species. 
Predicted damage in individual lakes in all areas 


was highly variable. In areas receiving highly 
acidic deposition, 100% of the species in acid- 
sensitive taxonomic groups were eliminated in 
some lakes, whereas damage to other lakes was 
predicted to be slight. Estimated damage varied 
from lake to lake within each subregion, based on 
chemical characteristics. The most heavily dam- 
aged lakes in the Adirondacks and Pocono-Cats- 
kills probably have lost all species of molluscs, 
leeches, and crustaceans. On the other hand, lakes 
of the Midwest showed either slight increases or 
decreases in the richness of predicted biotic com- 
munities. The possible ranges of original sulfate 
concentrations in lakes and the proportion of sulfu- 
ric acid in precipitation that liberated base cations 
from catchments were confined to relatively 
normal limits of the model. (Author’s abstract) 
W90-09725 


INFLUENCE OF CHAOBORUS DENSITY ON 
THE EFFECTS OF AN INSECTICIDE ON ZOO- 
PLANKTON COMMUNITIES IN PONDS. 
National Inst. for Environmental Studies, Ibaraki 
(Japan). Environmental Biology Div. 

T. Hanazato, and M. Yasuno. 

Hydrobiologia HYDRB8, Vol. 194, No. 3, p 183- 
197, 1990. 12 fig, 25 ref. 


Descriptors: *Insecticides, *Midges, *Water pollu- 
tion effects, *Zooplankton, Carbaryl, Copepods, 
Daphnia, Ecology, Ponds, Predation, Rotifers, 
Species composition. 


Zooplankton communities with a high or low den- 
sity of Chaoborus larvae were established in out- 
door concrete ponds, to which carbaryl was ap- 
plied at the rate of 0.1 or 0.5 mg/L. The lower 
concentration of the chemical was harmful only to 
Cladocera. The higher concentration damaged 
Chaoborus, Copepoda, and some rotifer species, as 
well as the Cladocera. In the ponds with a low 
density of Chaoborus, chemical application altered 
the cladoceran community from dominance by 
Daphnia to that by Bosmina and Moina. In the 
ponds with a high density of Chaoborus, Chao- 
borus excluded cladocerans from the zooplankton 
community, presumably by predation, and support- 
ed the dominance of rotifers. Cladocera did not 
recover after application of the chemical, even 
when Chaoborus was eliminated by the higher 
concentration of chemical. The relatively rapid 
recovery of Chaoborus seemed to interrupt the 
recovery of Cladocera. (Author’s abstract) 
W90-09728 


PH-INDEPENDENT EFFECT OF ALUMINUM 
ON CULTURES OF PHYTOPLANKTON FROM 
AN ACIDIC WISCONSIN LAKE. 

Bowling Green State Univ., OH. Dept. of Biology. 
R. W. Pillsbury, and J. C. Kingston. 
Hydrobiologia HYDRB8, Vol. 194, No. 3, p 225- 
233, 1990. 2 fig, 1 tab, 32 ref. 


Descriptors: *Acid lakes, *Acid rain effects, *Alu- 
minum, *Phytoplankton, *Water pollution effects, 
*Wisconsin, Acidic water, Asterionella, Desmids, 
Diatoms, Franklin Lake, Hydrogen ion concentra- 
tion, Metals, Runoff, Snowmelt. 


Negative correlations between aluminum and 
planktonic algal abundance have been reported in 
acidic lakes. Natural assemblages of phytoplankton 
from a low-pH, low-Al lake (Franklin Lake, Wis- 
consin) were grown in semi-continuous cultures 
consisting of four treatments at pH 5.7 with 0.0, 50, 
100, and 200 microgram AI/L and one treatment at 
pH 4.7 with no Al added. Asterionella ralfsii var. 
americana (a common diatom of acidic lakes) grew 
well at both pH 4.7 and 5.7 when no Al was added, 
but declined in all other treatments and so may be 
useful as an indicator of acidic, low monomeric-Al 
conditions. Other common plankters that showed 
this pattern included: Arthrodesmus indentatus, 
Ar. octocornus, Ar. quiriferus, Staurastrum 
arachne var. curvatum, S. longipes var. contrac- 
tum, and S. pentacerum. Common taxa showing no 
toxic effects of Al were Dinobryon bavaricum, 
Peridinium limbatum, Stenokalyx monilifera, Elak- 
tothrix sp., and Oedogonium sp. It is hypothesized 
that metal toxicity as a pulse at spring snowmelt 





could change dramatically the algal succession in 
moderately acidic lakes. The experimental results 
agreed well with field observations. These types of 
experiments are useful in predicting the responses 
of natural phytoplankton communities to increases 
in Al concentration. (Author’s abstract) 
W90-09729 


HYDROBIOLOGICAL RESEARCH IN PEAT 
POLDER DITCHES. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). 

For primary bibliographic entry see Field 2H. 
W90-09731 


MACROINVERTEBRATES IN DUTCH 


DITCHES: A TYPOLOGICAL CHARACTER- 

IZATION AND THE STATUS OF THE DEM- 

MERIK DITCHES. 

Rijksinstituut voor Natuurbeheer, Leersum (Neth- 

erlands). Dept. of Hydrobiology. 

For one bibliographic entry see Field 2H. 
-09734 


MEASUREMENT OF THE PERSONAL COST 
OF ILLNESS DUE TO SOME MAJOR WATER- 
RELATED DISEASES IN AN INDIAN RURAL 
POPULATION. 

MLB Medical College, Jhansi, 284 128, India. 

B. L. Verma, and R. N. Srivastava. 

International Journal of Epidemiology IJEPBF, 
Vol. 19, No. 1, p 169-176, March 1990. 6 tab, 10 
ref, append. 


Descriptors: *Developing countries, *Drinking 
water, *Economic aspects, *Human diseases, 
*India, Conjunctivitis, Cost analysis, Diarrhea, En- 
teric fever, Hepatitis, Scabies. 


A field study, aimed at measuring the personal cost 
of illness form five major water-related diseases, 
was undertaken in a rural area of Uttar Pradesh 
(India) in 1981 and 1982. The disease included 
were: enteric fever, acute diarrheal diseases, infec- 
tious hepatitis, conjunctivitis, and scabies. The 
measurement of the cost of illness included infor- 
mation on losses in productivity and treatment 
costs. The annual costs of illnesses per 100 people 
in 1981 were Rs 7353 (US$ 525) for enteric fever, 
Rs 5333 (US$ 381) for acute diarrheal diseases, Rs 
7364 (US$ 526) for conjunctivitis, Rs 1839 (US$ 
131) for scabies, and Rs 211 (US$ 15) for infectious 
hepatitis. In 1982, costs for the disease were Rs 
8622 (US$ 616), Rs 5191 (US$ 371), Rs 3289 (US$ 
235), Rs 7402 (US$ 529), and Rs 323 (US$ 23), 
respectively. The aggregate annual costs of illness- 
es due to the five diseases per person averaged 
between Rs 221 (US$ 16) and RS 2. 248 (US$ 18) in 
the two years. (Author’s abstract) 

W90-09740 


PHYTOPLANKTON AND HYDROGRAPHY 
OF THE BAY OF CADIZ, FROM JANUARY 
1984 TO DECEMBER 1985 (FITOPLANCTON E 
HIDROGRAFIA DE LA BAHIA D CADIZ: 
ENERO DE 1984 A DICIEMBERE DE 1985). 
Instituto de Ciencias Marinas, Andalucia (Spain). 
For primary bibliographic entry see Field 5B. 
W90-09741 


PHYTOPLANKTON OF THE EBRO DELTA 
BAYS (FITOPLANCTON DE LAS BAHIAS DEL 
DELTA DEL EBRO). 

Instituto de Ciencias del Mar, Barcelona (Spain). 
M. Delgado. 

Investigacion Pesquera IPESAV, Vol. 51, No. 4, p 
517-548, December 1987. 13 fig, 5 tab, 16 ref. 
English summary. 


Descriptors: *Ebro River, *Eutrophication, *Med- 
iterranean Sea, *Nutrients, *Path of pollutants, 
*Phytoplankton, *Spain, Chlorophyll a, Diatoms, 
Seasonal variation, Spatial distribution, Temporal 
variation, Wind. 


The phytoplankton abundance and composition of 
Alfacs and Fangar Bays (Spanish Mediterranean 
coast) was studied at different spatial and temporal 
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scales in several cruises carried out between 1982 
and 1986. The mean annual chlorophyll a concen- 
tration in the water of the bays (3.20 mg/cu m in 
Alfacs and 3.44 mg/cu m in Fangar) was an order 
of magnitude higher than in the neighboring open 
sea. There were great differences between the two 
bays in phytoplankton abundance and composition. 
In Alfacs there was more ‘seasonality’ than in 
Fangar. A horizontal phytoplankton distribution 
pattern was apparent in Alfacs; the main gradient 
occurred in the transverse direction of the bay as a 
response to the nutrient input from freshwater 
discharge. Taxonomic differences in phytoplank- 
ton composition between the bays and the western 
Mediterranean were not apparent, with the excep- 
tion of the casual presence of freshwater species 
and a greater abundance of benthic diatoms in the 
bays. The observed temporal variation in phyto- 
plankton in the Ebro Delta bays can be summa- 
rized as a response to a seasonal cycle and to the 
freshwater discharge (from April to December) on 
which important spatial variations are superim- 
posed. The latter depend on the occurrence of 
aperiodic physical factors (principally winds) and 
on the dimensional characteristics of the bays. (Au- 
thor’s abstract) 

W90-09742 


SPATIAL AND TEMPORAL VARIATION OF 
ORGANIC MATTER CONTENT IN SEDI- 
MENTS FROM SALT-PONDS NEAR THE BAY 
OF CADIZ (EVOLUCION ESPACIAL Y TEM- 
PORAL DE LA CONCENTRACION DE MATE- 
RIA ORGANICA EN LOS SEDIMENTOS DE 
ESTEROS DE LA BAHIA DE CADIZ). 

Instituto de Ciencias Marinas, Andalucia (Spain). 
J. Blasco, A. Gomez-Parra, M. De Frutos, and R. 
Establier. 

Investigacion Pesquera IPESAV, Vol. 51, No. 4, p 
599-617, December 1987. 6 fig, 6 tab, 33 ref. Eng- 
lish summary. 


Descriptors: *Organic matter, *Salt ponds, *Sedi- 
ments, *Spain, *Wastewater pollution, *Water pol- 
lution effects, *Water poliution sources, Bay of 
Cadiz, Carbon, Nitrogen, Sampling, Seasonal vari- 
ation, Spatial variation, Temporal variation, 
Wastewater disposal. 


Temporal variation of C and N contents in sedi- 
ment inside and outside three salt ponds near the 
Bay of Cadiz (Spain) were evaluated. The survey 
was carried out monthly during 1981-1984. The 
content of organic matter and its variation is affect- 
ed strongly by urban sewage effluents located in 
the area. Direct and indirect effects of wastes are 
discriminated using the values calculated for the 
annual rate of organic C accumulation and the 
variation of C/N ratio. The values obtained did not 
show a seasonal evolution as a consequence of the 
high variability inherent in the usual shallow-eco- 
system sampling devices. However, significant dif- 
ferences among mean values obtained inside and 
outside the ponds were found. Mean values inside 
also were different when salt ponds were connect- 
ed to the sea (winter-spring) and when renovation 
was artificially restricted (summer-autumn). (Au- 
thor’s abstract) 


EFFECTS OF TRI-N-BUTYLIN CHLORIDE 
(TBTC) ON THE EARLY LIFE STAGES OF 
PERCH (PERCA FLUVIATILIS L.) IN BRACK- 
ISH WATER. 

Helsinki Univ. (Finland). Dept. of Environmental 
Conservation. 

L. Yla-Mononen. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 129-133, 
1989. 3 tab, 28 ref. 

Descriptors: *Antifoulants, *Larvae, *Organotin 
compounds, *Perch, *Pesticide toxicity, *Tin, 
*Water pollution effects, Finland, Lethal limit, 
Marine pollution, Mortality, Toxicity. 


Tributylin (TBT) compounds, which are used in 
many kinds of pesticides (e.g., antifouling paints), 
have recently caused international concern because 
of their harmful effects on the marine biota. In 
Finland these compounds are widely used. There- 
fore, effects of such compounds on perch, the most 
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common fish in the Finnish coastal waters of the 
Baltic Sea, are of immediate concern. Perch (Perca 
fluviatilis L.) eggs and yolk sac fry were exposed 
continuously to tri-n-butylin chloride (TBTC) at 
concentrations of 0, 0.4, 0.8, 1.6, and 3.2 micro- 
grams TBTC/L for 26 days in a semi-static expo- 
sure system. No significant differences in mortality 
or development were observed, but hatching took 
longer at concentrations of 0.4, 1.6, and 3.2 micro- 
grams/L. Severe sublethal effects, abnormal be- 
havior and inhibition of swimming were noted in 
the larvae exposed to 3.2 micrograms/L. In a test 
in which newly hatched larvae were exposed to 
concentrations of 0, 10, and 20 micrograms 
TBTCY/L, all the test larvae died in less than 24 
hours but fewer than 7% died in the control. From 
these studies it is concluded that the no-effect 
concentration of TBTC for the early life stages of 
perch is below 3.2 micrograms/L. In view of the 
high toxicity of TBT to aquatic organisms, its use 
in antifouling paints should be regulated in Fin- 
land. (Author’s abstract) 

W90-09765 


TOXIC SUBSTANCES: 
(JAN 78 - JUL 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-866040. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
July 1989. 143p. 


EFFECTS ON FISH 


Descriptors: *Bibliographies, *Fish, *Toxic wastes, 
*Toxicity, *Water pollution effects, Aluminum, 
Biochemistry, Bioindicators, Cadmium, Calcium 
chloride, Copper, Fish physiology, Freshwater, 
Lead, Marine environment, Mercury, Sodium 
chloride, Zinc. 


This bibliography contains citations concerning the 
biochemical and physiological effects of toxic sub- 
stances on fish populations. Particular emphasis is 
placed on using fish as an indicator of pollution in 
aquatic ecosystems. Toxicity effects of mercury, 
zinc, calcium chloride, sodium chloride, lead, cad- 
mium, copper, and aluminum in freshwater and 
seawater fish are included. (This updated bibliogra- 
phy contains 330 citations, 66 of which are new 
entries to the previous edition). (Author’s abstract) 
W90-10041 


BIOINDICATORS OF MARINE POLLUTION 
(JAN 74 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5A. 
W90- 10043 


WATER POLLUTION EFFECTS OF METALS 
ON FRESH WATER FISH (JAN 70 - DEC 88). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-854376. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
January 1989. 167p. 


Descriptors: *Bibliographies, ‘*Fish, *Heavy 
metals, *Water pollution effects, Bioaccumulation, 
Cadmium, Chromium, Copper, Field tests, Fish 
physiology, Mercury, Tissue analysis, Toxicity, 
Zinc. 


This bibliography contains citations concerning 
laboratory and field studies regarding effects of 
metals on freshwater fish. Topics include toxicity 
studies to specific species, bioaccumulation, and 
the distribution and fate of metals in freshwater 
bodies. Copper, chromium, cadmium, mercury, 
and zinc are among the metals considered. (This 
updated bibliography contains 259 citations, 14 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10047 
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HEAVY METALS IN DRINKING WATER: 
STANDARDS, SOURCES, AND EFFECTS (JAN 
77 - DEC 88). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5B. 
W90-10049 


EFFECTS OF THE POWER PLANT COOLING 
WATER ON THE TEMPERATURE AND 
OXYGEN CONDITIONS OF LAKE HAAPA- 
JARVI IN WINTER (VOIMALAN JAAHDY- 
TYSVESIEN VAIKUTUS HAAPAJARVEN 
LAMPOTILA-JA HAPPIOLOIHIN TAL- 
VELLA). 

Imatran Voima Oy, Helsinki (Finland). 

T. Huttula. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as DE88-756586. 
Price codes: AQ3 in paper copy, AO1 in microfiche. 
1988. 48p, 23 fig, 6 ref. English summary. 


Descriptors: *Cold regions, *Cooling water, *Lake 
Haapajarui, *Oxygen, *Powerplants, *Thermal 
pollution, *Water pollution effects, *Water temper- 
ature, Heated water, Ice breakup, Ice formation, 
Norway, Seasonal variation, Water quality. 


The heat and oxygen balance of Lake Haapajarvi, 
Norway, was evaluated using a computer model 
both in the present natural state and in situations 
where the cooling water of the power plant to be 
built will be discharged into the lake. The research 
was carried out during the winter. The cooling 
water discharge of the power plant is 6.3 cu m/s 
and the rise in the water temperature is 7.1 C. The 
area of Lake Haapajarvi is 3 sq km and the water 
retention time in the winter is 2-30 days. FIN- 
E is a one-dimensional which computer 
model describes the lake in the vertical direction. 
A supplement to the description of the bottom 
sediment heat flux and the melting of under surface 
ice was made in the model, and an automatic 
calibration program was produced. Calculations of 
autumn heat flux was also changed. The model 
was calibrated with observations from the winter 
of 1986-1987. Winter 1977-1978 was a simulation 
period representing a normal winter. The lake in 
its present state and in the circumstances corre- 
sponding to the powerplant operation was simulat- 
ed for both periods. Calibrations were complicated 
by the small quantity of observations and certain 
hypotheses of the model. Temperature calibrations 
succeeded well along the surface and bottom; cali- 
brations of the oxygen content was more compli- 
cated. In a normal winter the cooling water delays 
the freeze-up by about one week. The ice cover is 
thin and there are ice free periods as early as 
January; the final break-up is advanced some seven 
weeks. The oxygen condition of the lake improves 
considerably, during March-April in particular. 
The effects of cooling water in various kinds of 
weather conditions and with various kinds of oper- 
ation modes of the powerplant can be simulated 
with the model. The measurements made in the 
winter 1987-1988 will provide new information for 
the simulation of other variables representing 
water quality and for the adjustment of calibration. 
(Author’s abstract) 
W90-10051 


EVALUATION OF INTACT SOIL-CORE MI- 
CROCOSMS FOR DETERMINING POTEN- 
TIAL IMPACTS ON NUTRIENT DYNAMICS 
BY GENETICALLY ENGINEERED MICROOR- 
GANISMS. 

Battelle Pacific Northwest Labs., Richland, WA. 
J. K. Fredrickson, H. Bolton, S. A. Bentjen, K. M. 
McFadden, and S. W. Li. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 551-558, May 1990. 4 
tab, 26 ref. EPA Contract DEAC06-76RLO 1830. 


Descriptors: *Ecological effects, *Genetic engi- 
neering, *Microorganisms, *Nutrients, *Soil orga- 
nisms, *Water pollution effects, Ammonium ion, 
Bacteria, Boron, Carbon, Copper, Ecosystems, 
Iron, Magnesium, Manganese, Metals, Micro- 
cosms, Nitrates, Nitrites, Organic carbon, Phos- 
phates, Plant growth, Potassium, Sulfates, Trace 
elements, Zinc. 


Nutrient export from intact soil-core microcosms 
in leachate or by plant uptake was evaluated as a 
means to assess the ecosystem impacts from the 
environmental release of genetically modified root- 
colonizing bacteria. Intact cores of two soil types, 
a Burbank sandy loam and a Palouse silt loam, 
were excavated for use as microcosms, seeded with 
corn and wheat, respectively, and inoculated with 
Azospirillum lipoferum transposon Tn5 mutants. 
Microcosms were leached at 33 days and 67 days 
after seeding and the leachate analyzed for sulfate, 
phosphate, ammonium, nitrite, nitrate, dissolved 
organic carbon and inorganic carbon. Statistically 
significant differences in leachate nutrient concen- 
tration between treatments were due to differences 
in soil types, rather than inoculation with the bac- 
teria. A statistically significant difference was ob- 
served between the microcosms receiving live ino- 
culum and those receiving heat-killed cells for 
leachate organic carbon concentration. Plant 
uptake of N, P, S, B, Cu, Fe, Mg, Mn and Zn was 
not affected by inoculation, but the coefficients of 
variation were considerably lower than for the 
leachate analyses. (Author’s abstract) 

W90-10134 


HUMIC ACIDS REDUCE THE PHOTO-IN- 
DUCED TOXICITY OF ANTHRACENE TO 
FISH AND DAPHNIA. 

Miami Univ., Oxford, OH. Dept. of Zoology. 

For primary bibliographic entry see Field 5B. 
W90-10137 


SURVIVAL OF THE FATTEST. IMPLICA- 
TIONS FOR ACUTE EFFECTS OF LIPOPHI- 
LIC CHEMICALS ON AQUATIC POPULA- 
TIONS. 

Environmental Research Lab., Athens, GA. 

R. R. Lassiter, and T. G. Hallam. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 585-595, May 1990. 8 
fig, 29 ref. EPA Agreement CR 813353010. 


Descriptors: *Bioaccumulation, *Fish, *Lipids, 
*Model studies, *Structure-activity relationships, 
*Toxicity, *Water pollution effects, Aquatic life, 
Dibutyl phthalate, Gills, Phthalates. 


A model was developed to evaluate the effect of 
lipid variation on toxic response in a subpopulation 
of similarly sized individuals of an aquatic popula- 
tion. The model used simple assumptions for indi- 
vidual toxic response, exchange of toxicant with 
environmental concentrations, and body composi- 
tion. The internal distribution of a chemical was 
represented so that more hydrophobic chemicals 
preferentially moved into body lipid. Thus, for 
exposures of equal chemical activity, both in- 
creased body fat in the animal and greater hydro- 
phobicity of the chemical allowed a longer expo- 
sure without toxic effects. In simulated 96-h bioas- 
says the effect of increased tolerance to more hy- 
drophobic chemicals was apparent for chemicals 
whose octanol/water partition coefficient was 
greater than 10,000. Comparison with published 
data indicated that the model was sufficient to 
illustrate the role of lipid and the lipid distribution 
on population response. Data on dibutyl phthalate 
exposure also compared reasonably with model 
calculated results. Consideration of gill morpholo- 
gy showed that fish with a high gill area to body 
mass ratio would have increased tolerance to toxi- 
cants. (See also W90-10139) (Cassar-PTT) 
W90-10138 


TOXICANT-INDUCED MORTALITY IN 
MODELS OF DAPHNIA POPULATIONS. 
Tennessee Univ., Knoxville. Dept. of Mathematics. 
T. G. Hallam, R. R. Lassiter, J. Li, and W. 
McKinney. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 597-621, May 1990. 10 
fig, 5 tab, 25 ref. EPA Agreement CR813353010 
and CR816081010. 


Descriptors: *Daphnia, *Lipids, *Structure-activi- 
ty relationships, *Toxicity, *Water pollution ef- 
fects, Aquatic life, Invertebrates, Model studies, 
Mortality, Population dynamics. 


A method to determine the mortality effects of a 
hydrophobic chemical on a population was pro- 
posed. The ecotoxicologic protocol, based on the 
static theory of ‘survival of the fattest’ was based 
on individual organism response. Theoretical pop- 
ulations of daphnia were exposed to toxic chemi- 
cals and the time evolution of the stressed popula- 
tion studied. In stress case 1, a 7-day exposure to a 
16 ppm concentration of a chemical having an 
octanol/water partition coefficient of 10,000 de- 
creased the population to two cohorts of the eco- 
type which filters at the lowest rate and feeds at 
the lowest resource level with the lowest lipid 
content. These individuals were the slowest grow- 
ers and leanest of any of the ecotypes. This popula- 
tion became extinct after several generations. In 
case 2, a 7-day exposure to a chemical with an 
octanol/water partition coefficient of 4.5 million at 
a concentration of 4 ppm resulted in a population 
composed of a mixture of ecotypes characterized 
as intermediate growth ecotypes. Neither the fat- 
test not the climax ecotype remained in the popula- 
tion after the toxic exposure. In case 3, an 8-day 
exposure to a chemical with an octanol/water par- 
tition coefficient of 20,000 at a concentration of 8 
ppm led to a population consisting of many eco- 
types. The population was ultimately dominated by 
the fastest growth ecotype of those who survived. 
It was clear that, in a dynamic setting, survival of 
the fattest was not generally a valid theory. When 
exposure was from the food chain pathway, popu- 
lation persistence was sometimes influenced by the 
amount of toxicant uptake from food, with larger 
individuals consuming large doses of chemical. 
The importance of the biology of the exposed 
organisms exposed to toxic materials was empha- 
sized. (See also W90-10138) (Cassar-PTT) 
W90-10139 


SOLUBILITY AND TOXICITY OF EIGHT 
PHTHALATE ESTERS TO FOUR AQUATIC 
ORGANISMS. 

Environmental Research Lab., Duluth, MN. 

D. L. DeFoe, G. W. Holcombe, D. E. 
Hammermeister, and K. E. Biesinger. 
Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 623-636, May 1990. 6 
tab, 47 ref. 


Descriptors: *Fish, *Path of pollutants, *Phtha- 
lates, *Solubility, *Toxicity, *Water pollution ef- 
fects, Daphnia, Fathead minnows, Invertebrates, 
Larvae, Medaka, Organic compounds, Plasticizers, 
Trout. 


Solubility values for eight phthalate esters investi- 
gated ranged from 0.020 to 121 mg/liter/ Acute 
toxicity tests were conducted with fathead min- 
nows (Pimphales promelas) using all eight esters. 
Acute and chronic tests were conducted with rain- 
bow trout (Oncorhynchus mykiss) and Japanese 
medaka (Oryzias latipes) using di-2-ethylhexyl 
phthalate. In addition, the chronic toxicity of the 
three di-n-butyl phthalates and a mixture of these 
three phthalates was examined using daphnids 
(Daphnia magna). Fathead minnow 96-h LCS5O 
values for di-n-butyl orthophthalate, di-n-butyl-ter- 
ephthalate, di-n-butyl isophthalate and alpha,w-bu- 
tylene di(o-4-hydroxybutoxycarbony])-benzoate) 
were 1.1, 0.61, 0.90 and 121 mg/L, respectively. 
Di-n-octyl orthophthalate, di-n-octyl isophthalate 
and di-n-octyl terephthalate were not acutely toxic 
to fathead minnows at concentrations that exceed- 
ed the water solubility estimates for each phthal- 
ate. Di-2-ethylhexyl phthalate was not acutely 
toxic to any tested species at the highest tested 
concentrations. No significant adverse effects were 
observed on hatchability, survival or growth of 
rainbow trout exposed to a mean di-2-ethylhexyl 
phthalate concentration of 0.502 mg/L (the highest 
concentration tested) in a 90-day embryo-larval 
test. However, exposure to a mean di-2-ethylhexyl 
phthalate concentration of 0.554 mg/L significant- 
ly reduced the growth of Japanese medaka during 
a 168-day larval test. Significant adverse effects on 
reproduction occurred in 21-day chronic tests with 
daphnia at concentrations of 1.91, 0.20 and 0.64 
mg/L for di-n-butyl orthophthalate, di-n-butyl 
isophthalate and di-n-butyl terephthalate, respec- 
tively. A daphnid mixture test with these three 





phthalates showed complete additivity. (Auth$r’s 
abstract) 
W90-10140 


MULTI-STEADY-STATE TOXICANT FATE 
AND EFFECT IN LABORATORY AQUATIC 
ECOSYSTEMS. 

Oregon State Univ., Corvallis. Oak Creek Lab. of 
Biology. 

K. M. Burnett, and W. J. Liss. 

Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 637-647, May 1990. 7 
fig, 2 tab, 18 ref. EPA Agreement CR807457 and 
Electric Power Institute Grant RP2046-1. 


Descriptors: *Bioaccumulation, *Dieldrin, *Fate of 
pollutants, *Fish, *Path of pollutants, *Toxicity, 
*Water pollution effects, Algae, Ecosystems, Gup- 
pies, Halogenated pesticides, Insecticides, Pesti- 
cides, Population dynamics, Snails. 


The influence of competition, exploitation and 
level of energy input on toxicant fate and effect in 
simple aquatic laboratory ecosystems was studied. 
Twenty-four systems composed of populations of 
guppies (Poecilia reticulata), snails (family Planobi- 
dae) and various taxa of algae were maintained in 
40-liter flow-through glass aquariums. Guppies and 
snails were competitors for a common food re- 
source. Ecosystems were established in which gup- 
pies and snails were sympatric and allopatric. The 
systems were exposed to three levels of guppy 
exploitation (0, 25% and 40%) and received two 
levels of energy input (0.6 g or 4.0 g alfalfa daily). 
System dynamic and near steady-state behavior 
were documented through monthly measurements 
of population biomasses. Biomasses of interacting 
populations were displayed on phase planes. Shifts 
in system structure followed chronic exposure to a 
sublethal concentration of dieldrin (0.5 micro- 
gram/gram). System responses to the toxicant 
ranged form increased population biomass to popu- 
lation extinction and were influenced by level of 
exploitation, energy input rate and species compe- 
tition. Toxicant concentrations were determined in 
adult female fish. Dieldrin content increased with 
increasing fish body weight of fish. In the guppy- 
snail-algae system with low-energy input with an 
unexploited guppy population, fish contained 
greater quantities of dieldrin per gram body weight 
than fish from the guppy-algae systems at high- 
energy input and 25% exploitation. Fish from the 
low-energy input system maintained greater diel- 
drin concentrations per unit of lipid weight than 
fish from high-energy input systems. Both toxicant 
effect and fate were influenced by system organiza- 
tion and environment. (Author’s abstract) 
W90-10141 


ECOLOGICAL FATE, EFFECTS AND PROS- 
PECTS FOR THE ELIMINATION OF ENVI- 
RONMENTAL POLYCHLORINATED _ BI- 
PHENYLS (PCBS). 

Tennessee Univ., Knoxville. Center for Environ- 
mental Biotechnology. 

S. W. Hooper, C. A. Pettigrew, and G. S. Sayler. 
Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 655-667, May 1990. 3 
fig, 127 ref. Public Health Service Grant T-32- 
A107123-06, Geological Survey Grant 14-08-001- 
G1482, Air Force Contract F49620-89-C-0023. 


Descriptors: *Biodegradation, *Fate of pollutants, 
*Literature review, *Path of pollutants, *Polychlo- 
rinated biphenyls, *Water pollution effects, Aquat- 
ic life, Bacteria, Bioaccumulation, Chlorinated hy- 
drocarbons, Degradation, Mammals, Organic com- 
pounds, Photosynthesis, Plant growth, Public 
health, Toxicity. 


Polychlorinated biphenyls (PCBs) present an envi- 
ronmental health hazard of global scale. Since 
1929, an estimated 2 billion kg have been produced 
worldwide, 5.08 million kg in the U. S. alone. The 
qualities responsible for PCBs’ commercial success 
(nonpolarity, lipophilicity, electronegativity, stabil- 
ity, heat resistance) also make them persistent and 
harmful environmental pollutants. Commercial 
PCB mixtures consist of 209 congeners with 1 to 
10 chlorine atoms. In an aquatic ecosystem PCBs 
tend to accumulate in sediments and in lipids of the 
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biota and increase in concentration in the food 
chain. PCBs have also been found in air, water, 
crops, and in human adipose tissue. PCBs either 
inhibit or stimulate bacterial growth. Phytoplank- 
ton show reduced primary productivity and 
changes in population dynamics. Mortality, repro- 
ductive disorders, and liver changes have been 
observed in aquatic and land animals. The greatest 
human health hazard is from chronic exposure, 
sometimes manifested by skin, liver, and heart dis- 
orders. Polychlorinated dibenzofurans are a highly 
toxic metabolite of PCBs. Photolysis and high- 
temperature incineration have not been ideal meth- 
ods for PCB disposal. However, biodegradation by 
bacteria has shown promise. As the level of chlor- 
ination increases, microbial degradation decreases. 
PCB degradation has been shown in systems with 
aerobic and anaerobic bacteria (natural and geneti- 
cally modified), fungi, and mixed populations of 
microorganisms. (Cassar-PTT) 

W90-10143 


COMPARISONS BETWEEN SEDIMENT 
BIOASSAYS AND ALTERATIONS OF 
BENTHIC MACROINVERTEBRATE ASSEM- 
BLAGES AT A MARINE SUPERFUND SITE: 
COMMENCEMENT BAY, WASHINGTON. 

PTI Environmental Services, Bellevue, WA. 

D. S. Becker, G. R. Bilyard, and T. C. Ginn. 
Environmental Toxicology and Chemistry 
ETOCDK, Vol. 9, No. 5, p 669-685, May 1990. 5 
fig, 7 tab, 39 ref. EPA Agreement CS810926-01-0. 


Descriptors: *Benthic fauna, *Bioassay, *Com- 
mencement Bay, *Estuaries, *Path of pollutants, 
*Sediments, *Superfund, *Toxicity, *Washington, 
*Water pollution effects, *Water pollution sources, 
Amphipods, Bays, Bioindicators, Chlorinated hy- 
drocarbons, Heavy metals, Indicators, Inverte- 
brates, Macroinvertebrates, Metals, Organic com- 
pounds, Oysters, Phenols, Phthalates, Polychlori- 
—_ biphenyls, Polycyclic aromatic hydrocar- 
ns. 


Laboratory sediment bioassays and alterations of 
benthic macroinvertebrate assemblages were eval- 
uated in March 1984 at 43 stations in Commence- 
ment Bay, Washington, and at 4 stations in Carr 
Inlet, Washington, a reference embayment. Tests 
used included the amphipod mortality test using 
Rhepoxynius abronius, the oyster larvae abnor- 
malities using Crassotrea gigas and the Microtox 
test using Photobacterium phosphoreum. Alter- 
ations of benthic assemblages were determined 
using numerical classification analysis. Bioassay re- 
sults in Commencement Bay were significantly dif- 
ferent from bioassay results in the reference waters 
at 34 of the 43 stations. Significant responses for all 
three bioassays were found at 8 stations, all of 
which were located near one of the four major 
sources of contamination (copper smelter, pulp 
mill, storm drain, chemical plant) identified in a 
previous study. The Microtox test showed signifi- 
cant responses at 29 stations than did the amphipod 
mortality and oyster larvae abnormality tests (16 
each). The Microtox test had the greatest sensitivi- 
ty (84%), followed by the oyster larvae abnormali- 
ty test (68%) and the amphipod mortality test 
(42%). Efficiencies of the tests were as follows: 
Microtox, 57%; oyster larvae abnormality, 81%; 
and amphipod mortality, 50%. Tiered application 
of results of both the Microtox and oyster larvae 
tests improved the accuracy with which the al- 
tered assemblages were identified. The bioindica- 
tors showed that localized areas of Commence- 
ment Bay were grossly polluted and other areas 
were moderately polluted. These were associated 
with the four major pollutant sources. (Cassar- 


PTT) 
W90-10144 


ONE-TIME-DORMANT SEASON APPLICA- 
TION OF GAS WELL BRINE ON FOREST 
LAND. 

Pennsylvania State Univ., University Park. School 
of Forest Resources. 

For primary bibliographic entry see Field 5E. 
W90-10192 


EFFECT OF FLUORIDE ON AXENIC CUL- 
TURES OF DIATOMS. 


Effects Of Pollution—Group 5C 


Cochin Univ. (India). School of Environmental 
Studies. 

C. M. Joy, and K. P. Balakrishnan. 

Water, Air and Soil Pollution WAPLAC, Vol. 49, 
” 3/4, p 241-249, February 1990. 4 fig,3 tab, 25 
ref. 


Descriptors: *Algae, *Diatoms, *Fluorides, 
*Water pollution effects, Bioassay, Phytoplankton. 


Algal bioassay studies on the effect of fluoride 
concentrations on diatoms Nitzschia palea (fresh- 
water) and Amphora coffeaeformis (brackish 
water) were conducted in the laboratory. Signifi- 
cant growth enhancement occurred in N. palea at 
F concentrations between 10 and 110 mg/L. In A. 
coffeaeformis cultures statistically significant stim- 
ulation occurred at 70 mg/L; above 90 mg/L the 
growth declined. (Author’s abstract) 

W90-10200 


WATER, NUTRIENT AND POLLUTANT 
BUDGETS IN DAMAGED NORWAY SPRUCE 
STANDS IN NE-BAVARIA (F.R.G.) AND THEIR 
CHANGES AFTER DIFFERENT FERTILIZA- 
TION TREATMENTS. 

Bayreuth Univ. (Germany, F.R.). Inst. of Soil Sci- 
ence. 

R. Hantschel, M. Kaupenjohann, R. Horn, and W. 
Zech. 

Water, Air and Soil Pollution WAPLAC, Vol. 49, 
on 3/4, p 273-297, February 1990. 9 fig, 5 tab, 63 
ref. 


Descriptors: *Acid rain, *Fertilizers, *Forests, 
*Nutrients, *Spruce trees, *Water pollution effects, 
Air pollution, Aluminum, Black Forest, Calcium, 
Ecosystems, Hydrogen ion concentration, Hydro- 
logic budget, Lime, Magnesium, Metals, Nitrates, 
Pollutant load, Potassium, Sulfates. 


Water budgets and ecosystem balances of the main 
nutrients and pollutants were calculated in two 
Norway spruce forests at different states of decline 
in the Fichtelgebirge, Germany, from summer 
1984 through summer 1986. Samples of precipita- 
tion, throughfall, litter seepage and soil solution 
were gathered weekly. Fluxes of main cations and 
anions were calculated by multiplying water fluxes 
through the different compartments with the ap- 
propriate ion concentrations. Both spruce stands 
were characterized by a sufficient water supply 
throughout the investigation period. The calcula- 
tion of deposition fluxes differentiated the damaged 
and the apparently healthy spruce stands. Input of 
sulfur dioxide and hydrogen ion as well as canopy 
buffering and potassium-leaching of the canopies 
were significantly higher in the damaged spruce 
stand than in the healthy one. Additionally, the 
exchangeable base cation content of the soil on the 
damaged site was nearly exhausted, affecting the 
buffering capacity. There was a small increase of 
nitrate-leaching with seepage after fertilization 
with large amounts of lime. (Author’s abstract) 
W90-10202 


PHYSICO-CHEMICAL AND BIOLOGICAL 
PROPERTIES OF EFFLUENT-AFFECTED 
SOIL AT VARANASI, INDIA. 

Banaras Hindu Univ., Varanasi (India). Centre for 
Advanced Study in Botany. 

B. D. Tripathi, and S. C. Shukula. 

Environmental Conservation EVCNA4, Vol. 16, 
No. 3, p 263-266, Autumn 1990. 1 fig, 2 tab, 23 ref. 


Descriptors: *Effluents, *Fertilizers, *Industrial 
wastewater, *Soil chemistry, *Soil contamination, 
*Soil fungi, *Water pollution effects, Bicarbonates, 
Carbonates, Chemical industry, Deuteromycetes, 
India, Nitrogen, Sodium, Soil porosity. 


This investigation was conducted around a fertiliz- 
er factory for the purposes of determining the 
effects of industrial effluent on the soil mycoflora 
in India. Soil microflora play an important role in 
releasing mineral nutrients through decomposition 
hence improving the productivity of the soil. The 
polluting effluent contained far higher concentra- 
tions of sodium (306.9 mg/L), carbonate (107.9 
mg/L), and bicarbonate (617.8 mg/L) in the efflu- 
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ent than in well water where the concentrations of 
sodium (8.4 mg/L), carbonate (5.6 mg/L), and 
bicarbonate (48.7 mg/L) were reported. Higher 
concentration of sodium (10.7 mg/100 g), carbon- 
ate (3.06% dry-weight), and total nitrogen (0.19% 
dry-weight) were discovered in the polluted soil. 
The pH value of polluted soil was also higher 
(8.91) than that of the unpolluted soil (6.45). Poros- 
ity and water-holding capacity of the polluted soil 
were markedly lower than in the unpolluted soil. 
Soil temperatures were the same at both sites. The 
investigation of the soil fungal flora indicated that 
polluted soil supported fewer species (11) of micro- 
fungi than the unpolluted soil (16). Quantitatively, 
the number of fungi isolated was also lowered in 
the polluted habitat (14,000/g oven-dry soil) than 
in the unpolluted soil (22,000/g oven-dry soil). The 
Deuteromycetes were the most dominant group in 
soil from both sites, but their percentage occur- 
rence was comparatively lower in the polluted soil. 
(Feder-PTT) 

W90-10215 


INCIDENCE OF ENVIRONMENTAL DEGRA- 
DATION: A CASE STUDY OF ACID MINE 
DRAINAGE. 

California State Univ., Fullerton. 

M. Rahmatian. 

Journal of Environmental Management 
JEVMAW, Vol. 30, No. 2, p 144-155, March 1990. 
2 fig, 1 tab, 11 ref. 


Descriptors: *Acid mine drainage, *Economic effi- 
ciency, *Environmental policy, *Pollution taxes, 
*Water pollution control, *Water pollution effects, 
Benefits, Buffer capacity, Compensation, Costs, 
Economic aspects, Economic impact, Social costs, 
Utilities. 


Externality is known to exist when the decision- 
maker, whose activity affects others’ utility levels 
or enters their production functions, does not re- 
ceive compensation for this activity an amount 
equal in value to the resulting benefits or costs to 
others, however marginal. Acid-mine water linked 
to coal extraction in Northern Appalachia, is an 
example used in this study. Four different parties 
which are being affected by acid mine drainage 
under four different scenarios. The parties are (1) 
the coal industry, including labor, owners of cap- 
ital, and the resource owners; (2) electric utility 
users; (3) the general tax paying public; and (4) 
displaced recreationists and environmentalists who 
use waterways affected by the acid drainage from 
both deep mined and strip mined areas. The corre- 
sponding scenarios for achieving equity are: (1) the 
general tax cut--a federal tax imposed per unit of 
discharge whereby the collected revenue is used to 
reduce income taxes for the affected region; (2) 
rebates to electric users--also from tax revenue; (3) 
compensation to the displaced recreationists from 
this tax revenue; and (4) regulatory cut back as a 
result of the government forcing the coal industry 
to form a cartel and reduce its output back to an 
efficient level. Equity concerns have lead to the 
conclusion that, although each policy option 
achieves economic efficiency, compensation of dis- 
placed recreationists is the preferred option if the 
policy makers are able to stop the migration of the 
new recreationists in the area. (Author’s abstract) 
W90-10217 


LONG-TERM CHANGES OF THE ANNUAL 
CYCLES OF METEOROLOGICAL, HYDRO- 
GRAPHIC, NUTRIENT AND PHYTOPLANK- 
TON TIME SERIES AT HELGOLAND AND AT 
LV ELBE 1 IN THE GERMAN BIGHT. 

Hamburg Univ. (Germany, F.R.). Inst. fuer Meers- 
kunde. 

G. Radach, J. Berg, and E. Hagmeier. 

Continental Shelf Research CSHRDZ, Vol. 10, 
No. 4, p 305-328, April 1990, 20 fig, 53 ref. 


Descriptors: *Elbe River, *Eutrophication, *Hy- 
drography, *Meteorology, *North Sea, *Nutrient 
concentrations, *Phytoplankton, *Water pollution 
effects, Ammonia, Data interpretatiou, Maps, Me- 
teorological data, Nitrates, Nitrites, Phosphates, 
Saline water, Silicates, Water temperature, West 
Germany. 


Long-term series of meteorological standard obser- 
vations at LV ELBE 1, together with those of 
temperature, salinity, plant nutrients and phyto- 
plankton biomass at Helgoland Reede in the 
German Bight, were investigated with respect to 
the changes of the annual cycles during the 23 
years from 1962 to 1984. Most meteorological and 
oceanographic parameters exhibit unchanged 
annual cycles within natural variability, except for 
the air and sea surface temperatures which show 
an overall increase of about 1 deg per 23 years. 
Conspicuous changes in the annual cycles were 
observed for the nutrients phosphate, nitrate, ni- 
trite (all strongly increasing) and silicate (decreas- 
ing). Phytoplankton biomass increased as a result 
of the extreme increase of flagellates, although 
diatoms decreased slightly. This and the shifting 
and shortening of the nutrient depletion phases are 
indicative of a strong change in the ecosystem. The 
changes seem mainly to be because of anthropo- 
genic eutrophication, over-riding possible influ- 
ences of large-scale climatic changes. (Author’s 
abstract) 

W90-10237 


EFFECT OF ACID DEPOSITION ON CATION 
FLUXES IN ARTIFICIALLY ACIDIFIED 
CATCHMENTS IN WESTERN NORWAY. 

Norsk Inst. for Vannforskning, Oslo. 

T. Frogner. 

Geochimica et Cosmochimica Acta GCACAK, 
Vol. =~ No. 3, p 769-780, March 1990. 6 fig, 6 tab, 
40 ref. 


Descriptors: *Acid rain effects, *Acidic water, 
*Cations, *Runoff, *Water pollution effects, *Wa- 
tersheds, *Weathering, Calcium, Magnesium, Min- 
erals, Norway, Sodium. 


Chemical weathering has been studied at two arti- 
ficially acidified and two control catchments at a 
clean pristine area in western Norway in conjunc- 
tion with project RAIN (Reversing Acidification 
in Norway). The gabbroic gneiss bedrock in the 
catchment area contains a Na-rich plagioclase 
which is a major constituent and the most impor- 
tant mineral undergoing weathering in the soils. 
Estimates for rates of chemical weathering com- 
bine several independent methods including input- 
output budgets, runoff chemistry under short-term 
acidic episodes, and laboratory weathering studies. 
The two manipulated catchments have a net flux of 
calcium ion, magnesium ion, and silica which is 
about 50% higher than that of the control catch- 
ments, but the net flux of sodium ion is the same in 
all catchments. The increased flux of base cations 
in runoff waters at the two acidified catchments is 
the result of increased removal of base cations 
from exchange sites and increased chemical weath- 
ering of plagioclase and mafic minerals. The ex- 
changeable Na-pool is small and its contribution to 
the fluxes in runoff waters is less than the fluxes 
related to precipitation and chemical weathering of 
plagioclase and mafic minerals. The flux of non- 
marine sodium ion in runoff gives an estimate of 
the plagioclase weathering rate at the catchments 
of about 27 kg plagioclase/ha/yr. Given the as- 
sumption that the dissolution of soil minerals re- 
leases silica and base cations in amounts equivalent 
to the rates measured in mineral experiments and 
their weight fraction in the soil, the estimated total 
weathering rate of base cations at Sogndal is about 
20 meq/sq m/yr. The calculated total weathering 
rate agrees well with rates estimated by mass- 
balance studies, but is considerably lower than the 
total weathering rates reported from other ecosys- 
tems. (Author’s abstract) 

W90-10240 


CONCENTRATION TOXICITY TO THE FISH 
(TANICHTHYS ALBONUBES) AND TO THE 
SHRIMP (NEOCARIDINA DENTICULATA), 
AND INFERENCE OF TOXICANTS UNDER 
LETHAL LEVEL OF THE HONMYO RIVER IN 
NAGASAKI PREFECTURE. 

H. Kitamura. 

Bulletin of the Faculty of Fisheries Nagasaki Uni- 
a Vol. 67, p 1-12, March 1990. 6 fig, 8 tab, 10 
ref. 


Descriptors: *Fish, *Honmyo River, *Shrimp, 
*Toxicity, *Water pollution effects, Bioassay, Hy- 
drogen ion concentration, Japan, Lethal limit. 


Water samples were collected from the Honmyo 
River were concentrated with a freezing method 
to detect lethal toxicity levels to test fish (Tan- 
ichthys albonubes). Within some of the samples, 
toxicity was also detected using shrimp (Neocari- 
dina denticulata). Throughout the experiments, 
toxicity concentrations to the fish were < 500% in 
the upper stream during winter. However, toxic 
concentrations to shrimp were generally > 
1000%. These results indicate that the river water 
has a latent toxicity to the fish, but not to the 
shrimp. To find the causative toxicant to the fish, 
the concentrated samples were treated with the 
following methods: (1) a pH adjustment test; and 
(2) two extracting tests, one with n-hexane and 
another with dithizone-carbone tetrachloride. The 
toxicity of the sample adjusted to higher pH 
became lower, but the toxicities of the samples 
extracted with n-hexane and with dithizone-car- 
bone tetrachloride were not decreased. The con- 
centrated sample was then analyzed by an ICP, 
which indicated no toxicant. From the results of 
these fish toxicity tests and the ICP analysis, the 
causative toxicant to the fish were not typical, such 
as heavy metals and insecticides. Although the 
concentrated waters were lethal to fish, the kinds 
of fish living in the river compared with those of 
rivers in Nagasaki Prefecture, and there were no 
toxic effects to the shrimp. (Lantz-PTT) 
W90-10265 


RELATION BETWEEN THE TOXICITY OF 
SOME TOXICANTS TO THE AQUATIC ANI- 
MALS (TANICHTHYS ALBONUBES AND 
NEOCARIDINA DENTICULATA) AND THE 
HARDNESS OF THE TEST SOLUTION. 

H. Kitamura. 

Bulletin of the Faculty of Fisheries Nagasaki Uni- 
versity, Vol. 67, p 13-19, March 1990. 3 fig, 5 tab, 
12 ref. 


Descriptors: *Aquatic animals, *Hardness, *Toxic- 
ity, *Water pollution effects, Aquatic toxicology, 
Calcium, Chlorides, Copper, Detergents, Heavy 
metals, Magnesium, Mercury, Sodium, Surfactants, 
Zinc. 


The concentration toxicity of a river is detected 
using a freezing concentration method and toxicity 
tests on aquatic animals. Many inorganic sub- 
stances such as Ca(2+), Mg(2+), Na(+), and Cl(-) 
which are soluble in the river water became con- 
centrated with a toxicant in the freezing concentra- 
tion method; the toxicity of a pollutant would 
change due to these additional substances. The 
relationship between the toxicity to aquatic animals 
and the hardness of the test water was studied. The 
toxic effects to the fish and shrimp fluctuated in a 
similar pattern, which occurred in three forms. 
The first pattern was decreasing toxicity with in- 
creasing hardness of the test water--Zn(2+), 
Cu(2+) and Cd(2+) belonged to this group. The 
second pattern was an increase in toxicity with an 
increase in the hardness of the water--these toxi- 
cants included ammonia and the surfactants. The 
final pattern exhibited was where the hardness of 
the test water had no effect--Hg(2+) and the syn- 
thetic detergents belong to this group. (Author’s 
abstract) 

W90-10266 


RADIONUCLIDE UPTAKE AND GROWTH OF 
BARN SWALLOWS NESTING BY RADIONU- 
CLIDE LEACHING PONDS. 

Colorado State Univ., Fort Collins. Dept. of Radi- 
ology and Radiation Biology. 

J. B. Millard, F. W. Whicker, and O. D. Markham. 
Health Physics HLTPAO, Vol. 58, No. 4, p 429- 
439, April 1990. 2 fig, 9 tab, 39 ref. 


Descriptors: *Birds, *Food habits, *Nesting, *Path 
of pollutants, *Radioactive waste disposal, *Radio- 
activity effects, *Radioecology, *Radioisotopes, 
*Water pollution effects, Animal populations, 
Food chains, Growth rates, Ponds, Radioactive 
wastes. 





Populations of barn swallows (Hirundo rustica) 
nested seasonally near the Test Reactor Area 
(TRA) radioactive leaching ponds on the Idaho 
National Engineering Laboratory. These birds uti- 
lized leaching pond arthropods as a food source 
and contaminated mud for nest construction and 
thus accumulated radioactive materials. Over 20 
fission and activation products were detected in 
immature and adult TRA birds. The radionuclide 
exhibiting the highest mean concentration in adult 
birds was 51Cr, with 16.1 Bq/g (435 pCi/g). Mean 
concentrations of detectable radionuclides were 
used to calculate internal dose rates. Approximate- 
ly 72% of the total dose of 219 microGy/d (22 
mrad/d) for adult birds was due to 24Na. Swallow 
thyroids contained a mean 131I concentration of 
3330 Bq/g. An average dose rate to the thyroid 
was calculated to be 4300 microGy/d or 450 mGy 
(45 rad) for the entire breeding season. Data from 
LiF-700 thermoluminescent dosimeters in swallow 
nests indicated that average dose rates were 840 
microGy/d for eggs and 2200 Gy/d for nestlings, 
for a total of 54 mGy (5.4 rad) during the nesting 
peroid. The breeding biology and growth rates 
were investigated for TRA swallows and compari- 
son groups located 15 km and 100 km away. Total 
mortality rates for the comparison group vs. 1976 
and 1977 TRA populations were not found to be 
significantly (p > 0.9) different. Nonlinear regres- 
sion was used to fit individual growth curves and 
estimate parameters using a logistic model. First 
clutch TRA swallows were found to have a signifi- 
cantly (p < 0.05) lower mean growth rate com- 
pared to either the first clutch comparison group 
or the second clutch of TRA. Mean asymptotic 
weights achieved by immature TRA birds were 
also found to be significantly (p < 0.05) lower than 
those achieved by comparison group birds. Both 
growth rate and asymptotic weights for TRA birds 
were within the normal range reported in the 
literature. The cause for the statistical difference in 
growth rate between the comparison group and 
TRA first clutch populations could not be deter- 
mined. (Author’s abstract) 

W90-10327 


ACIDIC DEPOSITION: SULPHUR AND NI- 
TROGEN OXIDES. 

For primary bibliographic entry see Field 5B. 
W90-10349 


REGIONAL SCALE EFFECTS OF SO2 ON 
SOME AGRICULTURAL CROPS IN ALBERTA. 
R. N. Kickert. 

IN: Acidic Deposition: Sulphur and Nitrogen 
Oxides. CRC Press, Inc., Boca Raton, Florida. p 
499-544, 1989. 21 fig, 12 tab, 8 ref. 


Descriptors: *Acid rain effects, *Air pollution, 
*Alberta, *Alfalfa, *Canada, *Model studies, 
*Sulfur dioxide, Crop yield, Meteorology, Pollu- 
tion effects, Weather data. 


Alfalfa (Medicago sativa L.) is one of the major 
crops of Alberta, Canada. Any possible negative 
impact on its production from industrial activity 
and air pollutants could have a significant econom- 
ic impact. The strategy used to determine whether, 
at the present time, there are observable adverse 
effects of SO2 on alfalfa in Alberta was to first 
apply a computer simulation model (ALSIM1 level 
2) on the daily growth (and regrowth after cutting) 
processes, under unpolluted conditions. Following 
the application of the model, the results were com- 
pared with field reports of the actual alfalfa pro- 
duction based on the statistics compiled by various 
agricultural agency personnel. The results of the 
ALSIM 1 model to various weather data sets were 
graphed for the different regions. There was some 
evidence, although only circumstantial, that in the 
Barrhead area (Emission Region 7) during certain 
alfalfa growth periods and harvests, ambient sulfur 
dioxide time series exposures, together with mete- 
orological variables at the ground level, might be 
associated with negative effects on alfalfa biomass 
production. Alfalfa yields were found to be lower 
in the Barrhead area than would be expected under 
conditions without air pollution. Further laborato- 
ry and experimental field research would be re- 
quired to verify the conclusions derived from mod- 
eling. (See also W90-10349) (White-Reimer-PTT) 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


W90-10356 


ASSESSMENT OF THE SENSITIVITY OF AL- 
BERTA SURFACE WATERS TO ACIDIFICA- 
TIO) 


Aquatic Resource Management Ltd., Calgary (Al- 
berta). 

For primary bibliographic entry see Field SB. 
W90-10357 


DEEP-LYING CHLOROPHYLL MAXIMA AT 
BIG LAKE: IMPLICATIONS FOR TROPHIC 
STATE CLASSIFICATION OF ALASKAN 
LAKES. 

Geological Survey, Anchorage, AK. 

For primary bibliographic entry see Field 2H. 
W90-10455 
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FLUORESCENT-ANTIBODY METHOD 
USEFUL FOR DETECTING VIABLE BUT 
NONCULTURABLE SALMONELLA SPP. IN 
CHLORINATED WASTEWATER. 

Rennes-1 Univ. (France). Lab. de Microbiologie 
Pharmaceutique. 

C. Desmonts, J. Minet, R. Colwell, and M. 
Cormier. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1448-1452, May 1990. 
4 fig, 1 tab, 27 ref. EPA cooperative agreement 
CR812246. 


Descriptors: *Chlorination, *Pollutant identifica- 
tion, *Salmonella, *Wastewater analysis, 
*Wastewater treatment, Bacterial analysis, Fluo- 
rescent antibody technique, Human diseases. 


An indirect fluorescent-antibody (IFA) technique, 
which employed adsorbed Behring polyvalent I O 
antiserum, was used to detect Salmonella species in 
environmental water systems. The IFA method 
detected 95% of Salmonella serotypes encountered 
in human infections in France, with a sensitivity 
threshold of 7500 bacteria/ml of wastewater. Spec- 
ificity was assessed by testing IFA against Salmo- 
nella-free seawater and a variety of bacteria other 
than Salmonella. When used to examine raw and 
chlorinated wastewater over a 2-month period, the 
IFA method was successful by detecting Salmonel- 
la in all 12 of the samples examined, with total 
numbers determined to be 450,000 to 33 billion 
salmonellae/100 ml. In comparison, for the same 
samples, enumeration by culture, using the most-, 
probable-number technique, was effective in de- 
tecting Salmonella in only four of eight raw-water 
samples and one of four chlorinated water samples 
tested. Three samples were further tested by using 
the direct viable count procedure combined with 
IFA and results showed that 5 to 31.5% of the 
Salmonella enumerated by this method in chlorin- 
ated water were substrate responsive. (Author’s 
abstract) 

W90-09635 


EVALUATION OF SOME COMMON AQUAT- 
IC MACROPHYTES CULTIVATED IN EN- 
RICHED WATER AS POSSIBLE SOURCE OF 
PROTEIN AND BIOGAS. 

Burdwan Univ. (India). Dept. of Botany. 

Q. Taheruzzaman, and D. P. Kushari. 
Hydrobiological Bulletin HYBUD9, Vol. 23, No. 
2, p 207-212, December 1989. 3 fig, 3 tab, 16 ref. 


Descriptors: *Biogas, *Biomass, *Developing 
countries, *Macrophytes, *Proteins, *Urban 
runoff, *Wastewater utilization, Azolla, Conduc- 
tivity, Energy, Eutrophic water, Feeds, Hydrilla, 
Nitrates, Orthophosphates, Water hyacinth. 


The biomass production of three common aquatic 
macrophytes (i.e., Azolla pinnata, Eichhornia cras- 
sipes, and Hydrilla verticillata) was high at the 
prevailing environmental conditions and by the 
enriched water of the River Ganga (India). The 
biomass production of Azolla and Eichhornia was 
positively correlated with the orthophosphate-P 
and nitrate-N concentrations of the enriched 


water. The biomass of Azolla and Hydrilla was 
positively correlated with the electrical conductiv- 
ity of the water. The average yield of crude pro- 
tein was highest in Azolla (8,520 kg/ha/yr) and 
somewhat lower in Eichhornia (6,420 kg/ha/yr). 
The annual biogas production was highest in Eich- 
hornia (44,381 L) and somewhat lower in Azolla 
(17,186 L). The large amount of crude protein in 
these crops may have potential value in animal 
diets, whereas the utilization of aquatic macro- 
phytes in the production of biogas probably could 
contribute partially to alleviating the energy crisis 
in developing countries. (Rochester-PTT) 
W90-09738 


APPLICATION OF ULTRAFILTRATION 
MEMBRANES FOR SOLIDS - LIQUID SEPA- 
RATION IN ANAEROBIC DIGESTION SYS- 
TEMS: THE ADUF PROCESS. 

Council for Scientific and Industrial Research, Pre- 
toria (South Africa). Div. of Water Technology. 
W. R. Ross, J. P. Barnard, J. le Roux, and H. A. de 
Villiers. 

Water SA WASADYV, Vol. 16, No. 2, p 85-91, 
April 1990. 12 fig, 1 tab, 15 ref. 


Descriptors: *Filtration, *Organic wastes, *Ultra- 
filtration, *Wastewater treatment, Anaerobic di- 
gestion, Cost analysis, Industrial wastes, Mem- 
branes, Performance evaluation, Pilot studies. 


Anaerobic digestion (AD) ultrafiltration (UF) is a 
new-generation process for the treatment of indus- 
trial organic wastes that effectively eliminates the 
sludge concentration and retention problems asso- 
ciated with conventional systems. Laboratory and 
pilot-scale trials on a diverse range of industrial 
waste digesters have established the merits of the 
ADUF process. One of the principal merits of the 
system its flexibility in integrating the biological 
and physical functions of the digester with the UF 
unit. The main advantages of ADUF are the pro- 
duction of a clear effluent and maintenance of high 
digester biomass concentration. Process design cri- 
teria are available for full-scale application of the 
process in South Africa. The process utilizes local- 
ly manufactured UF membranes rather than im- 
ported technology. ADUF process costs compare 
favorably with costs of conventional treatments. 
Membrane-operated processes may be expected 
not only to herald an new era in anaerobic diges- 
tion but to influence concepts of wastewater treat- 
ment and biotechnology in general. (Author’s ab- 
stract) 

W90-09752 


CHEMICAL PRECIPITATION OF LEACHATE 
FROM SANITARY LANDFILLS AT MUNICI- 
PAL SEWAGE TREATMENT PLANTS. 
Insinoori- ja Limnologitoimisto Oy Vesitekniikka 
A.B., Salpakangas (Finland). 

. Ettala. 


Aqua Fennica AQFEDI, Vol. 19, No. 2, p 135-138, 
1989. 3 fig, 2 tab, 7 ref. 


Descriptors: *Chemical precipitation, *Landfills, 
*Leachates, *Municipal wastewater, *Wastewater 
treatment, Aluminum, Calcium, Chemical treat- 
ment, Finland, Hydrogen ion concentration, Water 
quality. 


Treatment of the leachate from sanitary landfills 
has been rather uncommon in Finland, because of 
problems with snowcover and with modest results 
from separate leachate treatment. Treatment of 
landfill leachate using aluminum precipitation was 
studied both in laboratory experiments and in full 
scale. When the proportion of leachate was raised 
from 0 to 5%, the dosage of precipitation chemical 
had to be doubled, in order to achieve 1.5 mg P/L 
in the treated wastewater. Correspondingly, the 
influence of the leachate could be seen in the 
chemical oxygen demand analysis. The high alka- 
linity of the leachate caused difficulties in achiev- 
ing the optimum pH (6.0-6.5) for precipitation. 
Before the controlled test period, discharge of 
leachate to the municipal sewage treatment plant 
had caused a notable increase in the ph of the 
treated wastewater. A satisfactory purification rate 
was not achieved until the dosage of precipitation 
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chemical was 350 g/cu m, as compared to the 
normal 160 g/cu m. During the test period there 
were no severe problems in wastewater treatment, 
but the normal chemical dose had to be doubled, 
the results being similar to those in the laboratory 
tests. Discharge of landfill leachate to a municipal 
sewage treatment plant significantly increases the 
chemical dosage required, irrespective of whether 
aluminum or calcium precipitation is used. The 
proportion of leachate in the total wastewater 
shold not exceed 1-2%. The same percentage of 
leachate can be recommended for biological treat- 
ment plants as well. Of the 578 sewage treatment 
plants in operation in Finland in 1987, only 57 
were based on chemical precipitation. Moreover, 
treatment of landfill leachate by chemical precipi- 
tation is not effective as regards the most important 
properties of the leachate, the nitrogen concentra- 
tion and oxygen demand. (Fish-PTT) 

W90-09766 


HAZARDOUS WASTE MANAGEMENT ENGI- 
NEERING. 

For primary bibliographic entry see Field SE. 
W90-09827 


CHEMICAL, PHYSICAL, AND BIOLOGICAL 
TREATMENT OF HAZARDOUS WASTE. 
Howard Univ., Washington, DC. Dept. of Civil 
Engineering. 

E. J. Martin, E. T. Oppelt, and B. P. Smith. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 81- 
226, 1 fig, 24 tab, 91 ref, 3 append. 


Descriptors: *Biological treatment, *Chemical 
treatment, *Hazardous wastes, *Physicochemical 
treatment, *Wastewater treatment, Activated 
sludge process, Biological wastewater treatment, 
Chemical precipitation, Databases, Incineration, 
Land disposal, Oxidation, Trickling filters, 
Wastewater treatment facilities. 


Treatment technology performance and operating 
data for industrial process wastes containing a vari- 
ety of pollutants often are reported by using a 
surrogate parameter such as total organic carbon 
(TOC) or chemical oxygen demand (COD). Spe- 
cific compound removal data are limited compared 
to data on classical pollutants. Chemical, physical, 
and biological unit processes in common use, with 
the exception of incineration, include wet air oxi- 
dation, and, to a limited extent, biological and land 
treatment, which are removal rather than destruc- 
tion techniques. Waste residues require further 
treatment and ultimate disposal. Active carbon ad- 
sorption, sedimentation, and biological treatment 
have been used extensively for the large-scale 
treatment of aqueous hazardous waste streams. 
Carbon adsorption is only applicable to the polish- 
ing of hazardous-waste streams. Current research 
on treatment technology is concerned with appli- 
cation of production process technology, natural 
degradation phenomena, or principles of analytical 
techniques, to waste treatment. The U.S. EPA 
through contractors studied about fifty publicly 
owned treatment works in 1980 and 1981. Priority 
pollutants were detected in more than 50% of all 
influent samples analyzed at the sites. For 90% of 
the plants, removal efficiency for metals was less 
than half. The only rotating biological contactor 
included in the database showed higher percentage 
removals when compared to activated sludge or 
trickling filter processes for 21 of the 23 priority 
pollutants, while the two lagoons in the database 
were nearly equivalent. For waste stream treat- 
ment, biological processes are, in general, the most 
cost-effective techniques. Environmental impacts 
associated with biological processes are limited. 
Carbon adsorption, however, is well-suited for the 
removal of mixed organic contaminants from aque- 
ous wastes. Chemical precipitation is the technique 
usually chosen to remove heavy metals from aque- 
ous hazardous wastes. Density separation is poten- 
tially applicable, but only in situations where the 
wastewater contains high concentrations of oil and 
grease. (See also W90-09827) (Brunone-PTT) 
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INCINERATION OF HAZARDOUS WASTE. 


Environmental Protection Agency, Washington, 
DC. Office of Water Regulations and Standards. 
E. Crumpler, and E. J. Martin. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 227- 
316, 22 fig, 10 tab, 20 ref. 


Descriptors: *Hazardous waste disposal, *Hazard- 
ous wastes, *Incineration, *Waste treatment, 
*Wastewater treatment, Combustion, Performance 
evaluation, Surveys, Temperature, Waste disposal. 


Incineration, the combustion of the organic com- 
ponents of waste, is an effective disposal method 
for hazardous wastes if the combustion is conduct- 
ed properly. Three principal types of incinerators 
are used in the United States: liquid injection, 
rotary kiln, and hearth. However, other technol- 
ogies or variations of them identified in the survey 
were fume incinerators with liquid-waste capabil- 
ity, ammunition burners, drum reclaimers, fluidized 
beds, and others. Liquid-injection incinerators ac- 
count for 52% of the incinerators by number, and 
all types of incinerators with liquid-injection capa- 
bility represent 79% of the incinerators. Hearth 
incinerators represent 34% of the incinerators, 
rotary kilns 7%. The median capacity for all incin- 
erators with liquid-injection capability is 568 L/hr. 
The median capacity for solids-burning inciner- 
ators is 295 k/hr--equivalent to approximately 295 
L of liquid (aqueous) waste. The median tempera- 
ture is roughly 927-982 C. The survey indicated 
that liquid-injection units usually operate at slight- 
ly higher temperatures than other incinerator 
types, with a median of about 982 C. Fifteen of the 
23 units reporting temperatures > 1204 C were 
liquid-injection incinerators. For 104 operating in- 
cinerators the distribution of gaseous residence 
times is: 86% have a residence time of 1 s or 
greater; 48% have a residence time of 2 s or 
greater. Additional data show that there is a defi- 
nite tendency for incinerators with higher combus- 
tion zone temperatures to have longer residence 
times. Performance of hazardous waste inciner- 
ators can be measured in terms of destruction 
efficiency (DE) or destruction and removal effi- 
ciency (DRE). DRE accounts for both the de- 
struction in the combustion chamber(s) and the 
removal of organics in any air pollution control 
equipment. DRE may be calculated as the percent- 
age mass difference of input (feed) and output 
(stack emission) waste constituents through the 
incinerator. DRE has been defined for regulatory 
purposes on a compound-specific basis and thus 
must be calculated for each constituent of interest 
separately. In the mid-1970s EPA conducted a 
series of incinerator test burns in which destruction 
efficiency was measured. More recently, tests have 
been conducted by EPA or by others to measure 
destruction and removal efficiency. The results of 
these tests are presented in this chapter. (See also 
W90-09827) (Brunone-PTT) 
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treatment, 


More than 40 speakers to presented the latest re- 
search, management, and policy findings related to 
on-site wastewater treatment at this symposium. 
There were more than 260 attendees from federal, 
state, and local governments, the research commu- 
nity. industry and consultants who took part in 
discussions related to on-site wastewater treatment. 
The papers are divided into six general subject 
headings: (1) on-site management and state pro- 
grams; (2) environmental effects of on-site disposal; 
(3) alternative system design; (4) system design and 
performance evaluation; (5) groundwater impact; 
and (6) soil absorption/system siting requirements. 
Performance evaluation, research, and creation of 
new alternative technologies for on-site 
wastewater treatment are also considered. (See 
W90-09909 thru W90-09950) (Lantz-PTT) 
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OUTREACH--COMING TOGETHER TO HELP 
SMALL COMMUNITIES. 

Environmental Protection Agency, Washington, 
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facilities. 


The EPA in cooperation with the States is imple- 
menting an outreach program to help small com- 
munities solve wastewater treatment and disposal 
problems. The objective of outreach is to build a 
long-term program to make information and assist- 
ance more readily available to small communities. 
Outreach includes coordinated efforts to improve 
awareness of wastewater problems and alternatives 
in treatment as well as establishing communication 
between the State and local governments. Out- 
reach has the potential to benefit a wide audience 
including elected officials, engineers, public health 
officials and the general public. It is the local 
elected and appointed officials who are the princi- 
pal targets of the EPA’s outreach program. It is 
estimated that 14,000 small communities have po- 
tential outreach needs. The subject areas of the 
outreach program include: (1) facilities planning 
and design to inform officials of the role of on-site 
systems in solving community wastewater treat- 
ment problems; (2) project financing and manage- 
ment, which provides information on alternative 
methods of funding wastewater treatment; (3) a 
long-term management project designed to address 
operations, maintenance, equipment replacement, 
and financial management. The key products and 
services that the EPA is making available in its 
outreach program are: (1) The National Small 
Flows Clearinghouse at West Virginia University, 
(2) EPA publications and (3) a cooperative agree- 
ment between EPA and the Extension Service of 
USDA. (See also W90-09908) (Lantz-PTT) 
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NEW YORK STATE SELF-HELP SUPPORT 
SYSTEM TECHNICAL ASSISTANCE AS A 
METHOD TO SOLVE WASTEWATER TREAT- 
MENT PROBLEMS. 

New York State Dept. of Environmental Conser- 
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D. G. L. Perley. 
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Recognizing the significant needs of small commu- 
nities to build and repair water and wastewater 
systems and the insufficient financial resources to 
meet these needs using conventional approaches, 
the New York State Self-Help Support System was 
developed. Self-Help is a cooperative effort of the 
Departments of Environmental Conservation 
(DEC), Health, and State and the Rensselaerville 
Institute, a not for profit agency, which helps to 
set up a network of state agency staff to provide 
technical and management assistance to small com- 
munities which are ready to help themselves com- 
plete water and wastewater projects. The primary 
techniques used to reduce costs for Self-Help 
projects are: (1) aggressive competitive shopping 
for everything from engineering, to materials, to 
financing; (2) use of municipal employees for 
project labor; (3) use of municipal equipment when 
possible; and (4) donation of land, labor and equip- 
ment from outside sources and resident volunteers. 
The New York State Self-Help Support System is 
an example of how outreach technical and manage- 
ment assistance can play a role in promoting the 
development of needed wastewater infrastructure. 
Self-Help is not a universal answer to the high 
costs of wastewater projects, but has proven its 
utility as one option to develop needed wastewater 
facilities which would otherwise not be built. (See 
also W90-09908) (Lantz-PTT) 
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Ohio State Univ., Columbus. Dept. of Agricultural 
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87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 10-19, 2 ref. 
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Making decisions related to providing sewage fa- 
cilities for small towns and rural communities can 
be expensive and confusing. It is especially difficult 
for community leaders to make informed decisions 
for their community when they do not have a 
complete understanding of what is needed. One 
source of information required for planning sewage 
facilities for a community is the local residents. 
While they may not know a great deal about the 
operation of their sewage system, they will be able 
to supply important information on home size and 
age, family size and income, water use, and their 
attitudes toward improving wastewater treatment 
in their community. Some residents may also be 
able to supply information on sewage-system type, 
age, location, and performance. Before making a 
major decision regarding sewage facilities, it is 
necessary to collect information about the commu- 
nity. One method of collecting this information is 
the face-to-face interview. This technique is well 
suited for collecting sewage facilities information 
from small communities in contrast to the imper- 
sonal and costly mail questionnaires. Interviews 
should be conducted by local officials which not 
only saves the community the expense of hiring 
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someone, but also allows the official a chance to 
gather first-hand information and give local resi- 
dents an opportunity to voice their opinions direct- 
ly to one of the people making the decision. A 
comprehensive community sewage facilities survey 
format for resident interviews is included. (See also 
'W90-09908) (Lantz-PTT) 
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Lombardo and Associates, Inc., Boston, MA. 
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The 1986 construction start on an innovative $56 
million wastewater management plan, for the 
Mayo Peninsula, Anne Arundel County, Maryland 
ended ore than 20 years of public debate and 
resistance to previous wastewater plans. It will also 
correct serious wastewater disposal and public 
health problems that have plagued the 8 sq mi 
peninsula. Several previous attempts to develop 
and implement a growth promoting, centralized 
wastewater plan for the peninsula were rejected by 
County officials and area residents. All the 
wastewater collection, treatment and disposal fa- 
cilities, including individual on-site disposal sys- 
tems serving existing and future residents of the 
Mayo peninsula will be under the direct control of 
the Anne Arundel County Department of Utilities 
(AACDU). This is the first instance in the United 
States where a major pubiic utility will manage, 
finance, own and operate individual on-site 
wastewater disposal systems as part of an overall 
wastewater management system. AACDU 
wastewater treatment plant responsibilities will in- 
clude: periodic inspection, routine maintenance, 
septage pumping and disposal, and system rehabili- 
tation and repair. The Mayo Peninsula Wastewater 
Management Plan has provided an institutional 
framework that can effectively manage on-site 
wastewater systems, in combination with cluster 
and communal treatment systems. The plan inte- 
grates approaches to wastewater management in a 
cost-effective manner, and demonstrates that on- 
site wastewater treatment can be a technically 
sound and cost-effective component of wastewater 
management strategies. (See also W90-09908) 


LAND USE AND COST IMPACTS OF PRIVATE 
SEWAGE SYSTEM POLICY IN WISCONSIN. 
Wisconsin Univ.-Madison. Dept. of Urban and Re- 
gional Planning. 

M. E. Hanson, and H. M. Jacobs. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
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In 1980 the State of Wisconsin initiated an interim 
program for the use of an experimental private on- 
site mound sewage system in its rural areas. Initi- 
ation of the program was brought about by in- 
creased numbers of rural residents, pressures on 
public services, concern over the threat to rural 
land resources, such as agricultural and environ- 


mentally sensitive land, conflicts between tradi- 
tional and new residents, and a flurry of state and 
local public policy responses to manage the 
growth. The programs’ implementation called for 
a permitting system for the period 1980 through 
1985 involving both county-wide and state-wide 
quotas on the number of these systems. Private 
sewage systems have an impact on land use, and 
except for particular areas, it does not appear that 
any one system has any more impact than any 
other on scatteration or the conversion of agricul- 
tural and forest land. Private sewage system policy 
is designed to assure the healthful treatment of 
human effluent on-site and prevent contact of 
sewage effluent with the land surface and surface 
waters. As long as a particular site, with its soil, 
slope and water-table conditions, can safely accom- 
modate a private sewage system, the policy struc- 
ture in Wisconsin is designed to allow installation. 
(See also W90-09908) (Lantz-PTT) 
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Woodstock, NY is the site of one of the country’s 
first and largest federally funded on-site 
wastewater treatment system, repair/replacement 
programs. Conventional solutions to Woodstock’s 
problems with failing septic tank systems were 
rejected by the community due to costs and fear of 
uncontrolled growth. A comprehensive decentral- 
ized wastewater management plan consisting of 
five major components was approved by the 
people of Woodstock. The components were: (1) a 
septic tank and small-diameter effluent collection 
system for homes and businesses; (2) a tube oxida- 
tion ditch treatment plant; (3) a septage processing 
facility combined with the wastewater treatment 
facility; (4) individual on-site and small communal 
systems for more than 201 failing septic systems in 
the outlying residential areas; (5) a wastewater 
management/water conservation program. The 
New York State Department of Environmental 
Control is employing the U.S. EPA design guide- 
lines in Woodstock because of significant cost sav- 
ings and equivalent technical basis. (See also W90- 
09908) (Lantz-PTT) 
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Florida’s population increase in recent years has 
made it one of the most rapidly growing states in 
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the nation. Florida’s growth shows no signs of 
slowing as evidenced by a population increase of 
i.9 million persons between 1980 and 1986 (a 20% 
increase). Florida’s rapid rate of growth has out- 
paced the development of basic services such as 
sewage and water; new developments are often 
being built beyond the reach of municipal sewers. 
As a result of the large number of on-site disposal 
systems (OSDS) in use, and the large number of 
new systems being installed each year, there are 
serious concerns whether past and present prac- 
tices are having adverse impacts on the public 
health and water resources of Florida. Based on 
data and assumptions presented in the paper the 
following conclusions can be drawn: (1) > 75% of 
the estimated current and projected future numbers 
of OSDS’ are in 24 of Florida’s 67 counties; (2) 
large areas of Florida have soil conditions unsuit- 
able for conventional on-site systems designs; (3) 
the distribution of limited soils varies across the 
state. The areas best suited for OSDS use are 
concentrated in the Central Florida Ridge and 
Southern Coastal Plain regions of the state, while 
virtually all the soils in the Everglades region are 
rated as severely limited for conventional OSDS 
designs; (4) severely limited soils are routinely used 
for OSDSs in high use counties; (5) since 1984, 
conventional trench and bed systems accounted for 
< 55% of the OSDSs installed in Florida. Mounds 
and systems in fill account for 44%, and many 
counties report that unconventional designs are 
becoming more common as OSDS developments 
are located on marginal soils. (See also W90-09908) 
(Lantz-PTT) 
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There is a renewed interest in the use of land 
treatment systems for wastewater treatment, with 
an emphasis on treatment rather than disposal. The 
mechanisms and efficiency of removal of particu- 
late and soluble BOD (biochemical oxygen 
demand) in the rapid infiltration (RI) process are 
described in a discussion of the two major BOD 
removal systems: filtration and biodegradation. A 
filtration model, able to represent the actual condi- 
tions of rapid infiltration was derived and tested 
for particulate-BOD capture and distribution in the 
soil layers. A steady-state biofilm model, compati- 
ble with the filtration model, was applied for the 
biological oxidation of the soluble BOD present in 
the wastewater; this comes from hydrolysis of 
some of the retained particulate BOD in the differ- 
ent soil matrix strata. Application of the model 
shows the fate of BOD at different depths from the 
ground surface and can lead to the rational defini- 
tion of system capacity in a variety of rapid infil- 
tration applications. The BOD content of the pri- 
mary effluent can be divided into two main catego- 
ries: soluble (30%), and particulate (70%). The 
soluble portion of the BOD was rapidly consumed 
upon application of the effluent by the top 5-10 cm 
of the soil. The particulate part of the BOD was 
retained in the top 150 cm of the soil mantle. 
Predicting soil clogging situations and BOD con- 
centration in groundwater-mound problems are 
two additional useful applications for the results of 
the study. (See also W90-09908) (Lantz-PTT) 
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Groundwater degradation by nutrients and micro- 
organisms is occurring in aquifers composed of 
coarse alluvial valley soils found in the Northwest- 
ern United States. This contamination of the un- 
confined aquifers is generally assumed to be a 
result of incomplete waste treatment by septic sys- 
tems. The use of septic systems for domestic waste 
treatment in rural areas underlain by soils with low 
percolation rates is blamed for observed ground- 
water degradation. Two septic systems near Mis- 
soula, Montana in the Clark Fork River valley 
were studied. Aquifer hydraulic conductivities av- 
erage about 2,000 ft/day and material porosities 
and specific yields are about 19% and 11%, respec- 
tively. Two study sites were selected to document 
the impacts on groundwater quality resulting from 
domestic waste disposal. The soil type accepting 
waste is classified Grantsdale loam, a coarse-silty 
over sandy or sandy-skeletal, mixed frigid Cal- 
ciorthidic Haploxerroll with moderate permeabil- 
ity to a depth of about 32 inches. The developer 
reported percolation rates of 5-10 min/inch at the 
study sites. Analyses performed on water samples 
included fecal coliform detection, conductivity, 
pH and concentrations of orthophosphate phos- 
phorous, nitrite and nitrate nitrogen, chloride ion, 
ammonia nitrogen, and sodium. From the results of 
this study, the following conclusions can be drawn: 
(1) only a small portion of the entire drain field 
should be used for effluent treatment; (2) effluent 
appears to infiltrate rapidly once it reaches the 
drain field; (3) the vadose zone does not supply 
appreciable treatment to infiltrating effluent; (4) 
the aquifer reduces the concentration of effluents 
by dilution; (5) microorganisms are being trans- 
ported in the groundwater system. Coliforms were 
found in all down gradient wells, indicating that 
traditional septic system design is ineffective in 
treating domestic waste in coarse alluvial soils. 
(See also W90-09908) (Lantz-PTT) 
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Restrictive soil conditions such as seasonally high 
water table, low permeability, shallow depth to 
bedrock or other impermeable layer are common 
over much of Missouri. Such conditions are espe- 
cially prevalent in the Southern Ozarks region of 
Missouri. The influx of retirement and resort popu- 
lations, along with the commercial enterprises nor- 
mally associated with such developments has gen- 
erated an acute need for alternative, on-site septic 
systems. A study was conducted: (1) To install and 
monitor the performance of a low pressure pipe 
(LPP) system in a public location and demonstrate 
its applicability to Missouri soil and climatic condi- 
tions; (2) to establish a basis for comparison of LPP 
and conventional septic tank-soil absorption sys- 
tems in the areas of materials availability and cost, 
and installation cost and degree of skilled/unskilled 
labor required for the installation. A LPP system 
was installed on a wooded, sloping site utilizing 
available materials and equipment. No special skills 
or procedures were required for system installa- 
tion. System costs were slightly higher than con- 
ventional systems, but performance is expected to 
be superior due to the unsuitability of the soil for a 
conventional system. Wastewater renovation data 
has not yet been obtained due to dry soil condi- 
tions at the site. System characteristics yet to be 
evaluated include performance during extended 
periods of cold weather, and attenuation of pollu- 
tion parameters under wet soil conditions. (See 
W90-09908) (Lantz-PTT) 
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Leigh Laboratory is the University of Auckland’s 
marine research station located on the Pacific 
coastline 100 km north of Auckland. Because of 
the environmentally sensitive nature of the area, 
on-site disposal of residential wastewaters has been 
adopted. An evapotranspiration seepage (ETS) 
system utilizing 20 beds, each bed 15 m long by 1.5 
m wide, crowned to shed rainwater and planted in 
grass, was installed on an exposed ridge above the 
laboratory complex. Septic tank effluent is pump 
dosed into 4 groups of 5 beds each, with a one 
week loading period followed by three weeks rest. 
Rainwater and groundwater flows are controlled 
by an extensive drainage network. The Leigh Lab- 





oratory ETS bed system is one of the first rural 
community wastewater systems of its type installed 
in the country. This septic system has operated 
successfully on a cycle of one week load to three 
weeks rest for over four years. Current average 
annual loading is greater than 80% of design load. 
The successful performance of the system is attrib- 
uted to the low design application rate (10 mm/ 
day for a daily flow of 4,565 liters), and extensive 
drainage network for control of groundwater and 
surface water flows, and the fact that the space 
between adjacent beds plays an important role as a 
wet weather absorption area, thereby increasing 
the availability of evapo-transpiration assist during 
winter. This has given rise to the concept of ‘areal’ 
loading for large scale ETS systems. The areal 
loading assessment is now being applied to other 
rural community applications for ETS to ensure 
that effective year round disposal of wastewater 

be achieved. (See also W90-09908) 
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Municipal sand filters were popular into the early 
1900s, until the advent of trickling filters and the 
activated sludge process. Recently, sand filters 
have been found to be the most cost effective 
wastewater treatment alternative for small commu- 
nities and clusters of homes. Substitute filter media 
that conform to the specifications required for sand 
are particularly attractive for regions in which 
sand is rare or expensive. In West Virginia, sand is 
relatively scarce. Bottom ash, a waste product of 
coal-fired power plants is more readily available 
and can be substituted for sand. The research fo- 
cused on the effluent quality generated by an on- 
site recirculating sand filter with a rock storage/ 
filter (RSF). The RSF used screened bottom ash 
media to treat septic tank effluent. The reduction 
in fecal coliforms following ultraviolet disinfection 
was also measured and a special septic tank outlet 
device (Zabel Multi-Purpose Filter) was briefly 
evaluated. The bottom ash RSF consistently pro- 
duced a relatively good quality effluent, particular- 
ly when considering the large variation in septic 
tank effluent quality. Based on eight months of 
monitoring the RSF system, the following conclu- 
sions were drawn: (1) fairly consistent RSF efflu- 
ent quality was maintained throughout the moni- 
toring programs, despite a wide variation in oper- 
ating parameters and conditions; (2) bottom ash is a 
suitable media for the type of RSF constructed 
from this study; (3) odors at RSF site were not a 
problem; (4) operating costs of the RSF system is 
approximately $20/year assuming a total of 1,200 
gal wastewater pumped daily and a power cost of 
$0.08/k Wh.; (5) the UV disinfection unit signifi- 
cantly reduced fecal coliform organisms while op- 
erating at a quarter of the design flow capacity; 
and (6) heaters in the pumping wells are necessary. 
ay also _—- (Lantz-PTT) 
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Approximately 40% of Indiana’s residential hous- 
ing units were using septic systems in 1980. In 1977 
the Indiana State Board of Health Rule 410 IAC 6- 
8 (ISBH, 1978) was promulgated. This regulation 
prohibited the installation of conventional trench 
type septic systems on soils with the following 
characteristics: permeability < 1 in/hr; percolation 
rates < 60 min/in; ‘severe ‘ ratings for septic tank 
absorption fields by the USDA Soil Conservation 
service (SCS) rating system; seasonal water tables, 
bedrock or other limiting layers within 3 ft of the 
trench bottom. Alternative on-site systems includ- 
ing Wisconsin mounds, pressure distribution trench 
systems and alternating field gravity distributed 
systems were installed on sites rated ‘severe’ by the 
SCS soil surveys. All of these systems operated 
successfully over a period of approximately four 
years. The soils on which the systems were in- 
stalled were slowly to very slowly permeable, 
generally on site slopes of < 4% and were subject 
to seasonal high water tables. Site slopes > 4% 
apparently facilitated lateral flow of the treated 
wastewater and reduced the duration of the sea- 
sonal water tables. The presence of compact till or 
fragipan layers increased the duration of the high 
water tables. Trench systems should be designed to 
allow at least 24 inches of permeable, well struc- 
tured soil above these layers. (See also W90-09908) 
(Lantz-PTT) 
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removal, *On-site 


Leaching of nitrate-N from conventionally de- 
signed on-site sewage disposal systems threatens 
surface and groundwater quality in unsewered 
areas of the United States. Nitrogen inputs to 
coastal ponds and estuaries may promote increased 
eutrophication and water quality degradation 
while inputs to drinking water sources can raise 
nitrate-N concentrations above the 10 mg/L Fed- 
eral drinking water standard. Biological denitrifica- 
tion, the reduction of nitrate-N to nitrogen gas, 
represents one of the most desirable nitrogen re- 
moval pathways for on-site sewage disposal. Deni- 
trification requires: (1) the oxidation of ammonium- 
N to nitrate-N; (2) the presence of a subsequent 
anaerobic zone; and (3) an adequate carbon source 
for the denitrifying bacteria in the anaerobic zone. 
In a properly functioning soil absorption field, 
denitrification is limited by the absence of reduced 
conditions following nitrification and by the lack 
of an available carbon source. The results of the 
first six months of a replicated field study compar- 
ing the performance of several alternative nitro- 
gen-removal systems to the performance of a con- 
ventional system under the same field conditions 
demonstrated that the nitrification process can be a 
limiting factor for successful total system nitrogen 
removal. The two aerobic filters studied nitrified a 
significant portion of the influent wastewater al- 
though both appeared to be limited by tempera- 
ture. Further observations and research are needed 
to assess: (1) the continued performance of the 
relatively untested RUCK filter as the system ma- 
tures; (2) the performance of the recirculating sand 
filter under winter conditions: and (3) seasonal 
variations demonstrated in both filters. The soil 


absorption trenches did not appear to provide a 
suitable anaerobic environment for denitrification 
after one year of continuous use. Based on the 
results of this study, rock tanks are recommended 
as a more effective anaerobic environment. Metha- 
nol was the most successful of three carbon 
sources studied in this project. (See also W90- 
09908antz-PTT) 
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Recirculating sand filters (RSF) are a popular 
choice for small waste generators, especially where 
soil conditions are not suitable for a subsurface 
disposal system. Most RSF systems accomplish 
excellent BOD and suspended solids removal (over 
90%) and often achieve a high degree of nitrifica- 
tion. Unfortunately, the nitrate-N produced may 
reach undesirable levels in surface and groundwat- 
ers thereby resulting in a need for a reliable and 
inexpensive method for reduction of nitrogen in 
the RSF effluent. The nitrogen removal capabili- 
ties of a novel granular media filter system termed 
recirculating sand filter with a rock storage filter 
of RSF was evaluated. The full-scale RSF system 
differs from a conventional recirculating sand filter 
in three major ways: (1) the sand media has been 
replaced with bottom ash which is a waste material 
from power plants; (2) the separate recirculation 
tank normally used in an RSF has been replaced by 
a rock (gravel) storage filter which lies directly 
beneath the bottom ash media; (3) the difference 
between the RSF system used in this study and a 
conventional RSF system is that a provision was 
made to recycle the highly nitrified filter effluent 
back to the septic tank. Enhanced denitrification 
was accomplished even at temperatures as low as 6 
to 8 C by recycling filter effluent to the septic 
tank. During the recycle mode, the septic tank/ 
RSF system achieved ammonia-N removals of 87 
to 96% and total-N removals of 83 to 90%. Excel- 
lent carbonaceous BOD removals were achieved 
by the system with final effluent values ranging 
from 2 to 4 mg/L. Alkalinity was always in excess 
of that theoretically required for nitrification. 
Bottom ash served as an excellent substitute for 
sand with no indication of ponding. The rock 
storage zone was effective in promoting denitrifi- 
cation. (See also W90-09908) (Lantz-PTT) 
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Wastewater treatment by sand filters is one of the 
oldest forms of wastewater treatment. Many stud- 
ies show sand filtration as an excellent means of 
treating wastewater, however, most recommend 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


disinfection of any surface water discharge to 
reduce the risk of communicable disease. Chlorina- 
tion, an effective and proven means of disinfection 
is not an ideal method for an on-site system since it 
requires the owner to purchase chlorine and main- 
tain a chlorinator. The owners often fail to main- 
tain the disinfection system. Clearly a reliable, 
simple and inexpensive alternative to chlorination 
requiring little or no maintenance is needed to 
make sand filtration systems attractive to both 
owners and regulatory agencies. Ultraviolet (UV) 
disinfection units appear to meet these require- 
ments. UV disinfection units are reliable, simple 
and are an inexpensive alternative to chlorination 
requiring little or no maintenance. A commercially 
available ultraviolet disinfection unit was used to 
treat an effluent from an existing septic tank-sand 
filter on-site wastewater treatment system for a 
private residence. The system has been in oper- 
ation for approximately two years. The ultraviolet 
unit was installed into the system on the effluent 
side of the sand filter in September, 1986. Samples 
of the influent and the effluent were collected daily 
from sampling ports before and after the UV unit. 
It was determined that: (1) ultraviolet disinfection 
is an effective means for treating the effluent from 
a septic tank-sand filter system; (2) a warm up time 
is needed to ensure good performance of the ultra- 
violet unit, and two minute warm up time appears 
adequate. (See also W90-09908) (Lantz-PTT) 
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A absorption system was developed to overcome 
some site conditions that restrict the use of in- 
ground soil absorption systems and to reduce the 
need for a Wisconsin mound system. The Wiscon- 
sin at grade system is designed following proce- 
dures similar to in-ground or mound systems but 
the bottom of the aggregate is located at grade or 
on the tilled soil surface. Typically the site is tilled, 
aggregate placed in the tilled area, distribution pipe 
positioned within the aggregate, synthetic fiber 
spread over the aggregate, and a final soil cover 
placed over the system. The at-grade unit is pre- 
ceded by a pretreatment unit such as a septic tank 
or a septic tank and dose chamber. The Wisconsin 
at-grade system is used on sites of intermediate site 
and soil conditions between those for in-ground 
units and the Wisconsin mound. Fourteen such 
units have been evaluated over a one to five year 
period. All systems are functioning satisfactorily 
using gravity or pressure distribution. Long-term 
performance especially using gravity distribution is 
still under study. Soil treatment beneath these sys- 
tems has been very satisfactory with < 2 MPN 
fecal coliforms/gm of soil at 90 cm (3 ft) in non- 
structure soils. In structured soils slightly higher 
numbers were found. (See also W90-09908) (Lantz- 


PTT) 
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Siphons have been used for many years to dose 
septic tank effluent into soil absorption systems as 
long as the discharge point is below the source. 
This approach distributes the effluent more uni- 
formly than gravity through the large diameter 
perforated pipe that has been used primarily for 
larger systems. With the advent of pressure distri- 
bution systems to distribute the effluent more 
evenly throughout the soil absorption unit, siphons 
instead of pumps, have been used to dose pressure 
distribution networks when the elevations are satis- 
factory. Siphons have several advantages over 
pumps; they are non-mechanical and can handle 
large volumes at less cost. However the public 
perception of siphons is that once they are installed 
they will perform satisfactorily forever. A study 
was conducted to: (1) evaluate the performance of 
siphon dosing pressure distribution networks in on- 
site systems under field conditions, and (2) evaluate 
the ability of siphons to distribute the liquid uni- 
formly throughout the distribution network used in 
typical on-site systems. An evaluation of siphon 
performance was conducted on 50 field units over 
a period of three years. Each siphon was dosed to 
a pressure distribution network for distributing 
septic tank effluent to soil absorption systems. A 
full size pressure distribution network dosed by a 
siphon was evaluated for pressure distribution, 
volume distribution, and pressure distribution relat- 
ed to perforation plugging in the laboratory. 
Throughout the course of the study, 50% of the 
siphons were found to be malfunctioning (trick- 
ling) at one time or another. After resetting, cor- 
recting installation errors, and eliminating 9 units 
because of a design flaw, 3 out of 41 units contin- 
ued to malfunction. Siphons must be monitored to 
protect the distribution laterals and insure full life 
of the system. A well designed siphon should have 
very few joints to seal especially during installation 
in the field, be simple to install, and should be sized 
to discharge well above the minimum required 
driving head. Proper installation and monitoring 
will insure longevity of a well designed system. 
(See also W90-09908) (Lantz-PTT) 
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Two different approaches to loading wastewater 
into seepage trenches are available. In the serial 
approach all of the wastewater is intentionally 
loaded into the initial seepage trench. Water that 
does not soak into the soil from the initial trench is 
conveyed to the second trench in the series, and so 
on until either the water soaks into the soil or the 
last trench in the system is full. The goal of the 
parallel approach is to obtain uniform distribution 
of wastewater among all seepage trenches in the 
system. The device traditionally relied upon to 
perform uniform distribution (distribution box) is 
incapable of doing so in practice and in almost al! 
cases overloads one or more seepage trench(es). 
Because of this, serial distributions are appropriate 
for general use primarily due to the added cost and 
installation complexity of the ineffective distribu- 
tion box. A project was undertaken to provide 
comparative information on serial and parallel 
methods of distributing septic tank effluent. The 


objective of the project was to determine if there is 
a difference between the two distribution methods 
with respect to the transmission of a wastewater 
load through the soil, and the efficiency of ren- 
ovating septic tank effluent. In terms of 
wastewater renovation, this study found parallel 
distribution of wastewater superior to serial distri- 
bution. For example, removal rates for phospho- 
rous and fecal coliforms were highest in freely 
drained parallel-loaded systems, while removal 
rates for nitrogen were highest in saturated paral- 
lel-loaded systems. Hydraulic transmission was 
most stable in freely drained parallel-loaded sys- 
tems, with no high discharge rate episodes ob- 
served. (See also W90-09908) (Lantz-PTT) 
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Many of the soils in Arkansas have been deter- 
mined unsuitable for gravity sewage distribution 
systems, which has greatly restricted housing de- 
velopment in much of the state. As an alternative, 
low pressure distribution systems have been used 
in recent years throughout the state, and are con- 
sidered a dramatic improvement over gravity dis- 
tribution systems. The nature of wastewater may 
cause failures in pressure distribution systems even 
when proper hydraulic design principles have been 
used. In the system described, failures have oc- 
curred primarily due to plugging of the orifices by 
growth of organic matter. Thus it is essential that 
the design criteria for preventing such plugging be 
examined. In order to insure that low pressure 
distribution systems can be designed to perform for 
long periods of time without failure the minimum 
pressure head required to prevent plugging was 
investigated. The paper describes: (1) the current 
research on orifice plugging being done at an exist- 
ing system; (2) the mathematical model being used 
to aid in determining the percentage of the orifices 
that are plugged; (3) the efforts to determine the 
minimum pressure head which would be adequate 
to eliminate plugging problems for a particular 
system. It is concluded that in at least some sys- 
tems, the head calculated from an assumed mini- 
mum scouring velocity of 0.9 m/s (3 fps) is not 
sufficient to keep orifices from plugging with or- 
ganic growth. The mathematic model was based 
on a flow rate through a single orifice and proved 
to be a valuable tool for studying the plugged 
phenomenon. (See also W90-09908) (Lantz-PTT) 
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Drain field trenches and seepage beds using gravi- 
ty distribution of septic tank effluent typically re- 
quire the installation of 10-cm perforated pipe, 
commonly called distribution pipe. The term ‘dis- 
tribution pipe’ as used for the pipe now commonly 
installed in drain field trenches or seepage beds is a 
misnomer with reference to liquid distribution. 
With one row of perforations at the six o’clock 
position, effluent will be discharged into the drain 
field rock near the head of a trench or bed. With 
the perforations located at the 4 o’clock and 8 
o’clock positions, and the pipe absolutely level 
throughout its length, effluent will concentrate at 
some random location where the perforations are 
at the lowest elevation. If the pipe has a uniform 
slope, the liquid will concentrate at the far end. If 
the distribution pipe is as much as 12.7 mm low at 
any location, the effluent will concentrate at that 
point. Also, it is not likely that perforated pipe will 
be installed as carefully in the field as they were 
for these tests, resulting in a random location for 
the concentration of the effluent. To distribute 
effluent, there should be no need to install more 
than 1.5 or 3 meters of perforated pipe to direct the 
effluent into a drain field trench having rock 19 to 
64 mm in size. If the purpose of the distribution 
pipe is to distribute sewage solids over the length 
of the drain field ditch, then the septic tank is not 
functioning properly. A cleanout could be located 
at the end of a short pipe allowing the pipe to be 
cleaned out from the surface without excavation, 
restoring the trench to service. (See also W90- 
09908) (Lantz-PTT) 
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Wastewater effluent quality was examined as a 
factor in soil absorption system design. Soil clog- 
ging induced by wastewater application is a phe- 
nomena important to soil absorption system per- 
formance. Wastewater quality and hydraulic load- 
ing rate are primary factors in soil clogging devel- 
opment since they supply materials which can clog 
soil pores directly as well as induce an environ- 
ment which is conducive to synthesis of soil clog- 
ging agents. The mass density loadings of BOD 
(biochemical oxygen demand) and TSS (suspended 
solids) appear to be key determinants of soil clog- 
ging development, consequently, system design 
should account for this fact. While the specifics of 
how this should be accomplished are yet to be 
well-defined, a tentative design approach is pre- 
sented which has allowable hydraulic loading rates 
for various effluent types. Considering the many 
uncertainties associated with soil clogging and 
treatment in subsurface soil absorption systems, use 
of improved pretreatment (e.g. sand filtration) 
which has greater management flexibility and con- 
trol, is desirable for commercial and community 
scale facilities. Acceptance of higher allowable hy- 
draulic loading rates for higher quality effluents 
(e.g. sand filter effluent) would provide sizing in- 
centitives such that improved pretreatment proc- 
esses might be incorporated into soil absorption 
system design concepts. Conversely, requirements 
for lower hydraulic loading rates for lower quality 
effluents would help mitigate harmful and costly 
performance malfunctions. (See also W90-09908) 
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A microcomputer BASIC program was developed 
for use on the: (1) IBM compatibles (using MS 
DOS version 2.1 and greater); and (2) Hewlitt 
Packard (using HP BASIC). The following com- 
ponents, using a small community sewage system, 
can be designed with this program: (1) the collec- 
tion system; (2) the Lift Station and force main 
lines, and (3) the sewage treatment system. Two 
options of sewage treatment systems are available: 
(1) an Extended Aeration Mechanical System; and 
(2) an Oxidation pond system. A data file has been 
developed and completed on the HP system, and 
the data file for the IBM compatible system is 
nearing completion. The data file is set up to store 
all input and output data on the microcomputer 
system. The file can be SAVED, CHANGED, or 
PURGED as needed to modify the various seg- 
ments of the designs of the sewage treatment sys- 
tems, thereby allowing alternate designs to be stud- 
ied and/or changed during the designing process. 
Once a file is retrieved from a disk, the entire 
design with all the input and output engineering 
parameters may be printed. The standard approved 
forms, required by the Louisiana Department of 
Environmental Quality (DEQ), are used as a basis 
for printing the output samples. The DEQ required 
printed sample forms are included in the presenta- 
tion for illustration purposes and were generated 
by the computer. (See also W90-09908) (Lantz- 
PTT 
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of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 253-263, 5 fig, 8 ref. 


Descriptors: *Filtration, *Septic tanks, *Soil dis- 
posal fields, *Wastewater disposal, *Wastewater 
treatment, Drainage, Drainage patterns, Flow ve- 
locity, Hydraulic properties, Performance evalua- 
tion, Saturated soils, Seepage, Soil filters, Soil 
properties. 


Septic tank filter tubes fail hydraulically when 
flow into the beds is greater than the flow out of 
the beds for an extended period of time. Flow from 
the beds is normally limited when a ‘crust’ builds 
up across the bed soil interface to deter the water 
movement or because the soil adjacent to the bed 
is saturated with water. Most studies regarding 
drainage of effluent from seepage beds have been 
conducted in the laboratory. They lack the varia- 
bility imposed by climate on functional filter fields. 
A study evaluated the long-term performance of a 
pressure dosed filter field in a real-life situation. Of 
particular interest were the crusting effects as evi- 
denced by changes in the time of drainage of 
effluent from the various beds. Drainage of effluent 
from 13 beds indicated that the filter field perform- 
ance was good under the loading rate of 1.4 cm/d. 
Qualitative evaluation of drainage times over 7.25 
years indicates 5 beds maintained about the same 
drainage times and 8 beds decreased in drainage 
times. These results indicate that crust formation 
did not limit the movement of effluent across the 
seepage bed-soil interface. The results also suggest 
that with proper maintenance this filter field 
should perform satisfactorily for an indefinate 
period of time. (See also W90-09908) (Lantz-PTT) 


W90-09936 


VOLATILE ORGANIC COMPOUNDS (VOCS) 
IN SMALL COMMUNITY WASTEWATER DIS- 
POSAL SYSTEMS USING SOIL ABSORPTION, 
Wisconsin Univ., Madison. Dept. of Civil and En- 
vironmental Engineering. 

For primary bibliographic entry see Field 5B. 
W90-09939 


PREDICTING THE GROUNDWATER FLOW 
FIELD UNDER LARGE SOIL ABSORPTION 
SYSTEMS USING A SIMPLE TWO-DIMEN- 
SIONAL, ANALYTICAL MODEL. 

Minnesota Pollution Control Agency, Roseville. 
For primary bibliographic entry see Field 2F. 
W90-09941 


EXPERIMENTAL GROUNDWATER DRAW 
DOWN USING A CURTAIN DRAIN ON A 
HENRY SOIL IN JEFFERSON COUNTY, AR- 
KANSAS. 

Jefferson County Health Unit, Pine Bluff, AR. 
K. E. Earlywine, M. W. Jones, D. K. Shoemaker, 
and C. L. Griffis. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 319-328, 14 fig. 


Descriptors: *Drainage systems, *Drawdown, 
*Land disposal, *Leach fields, *Soil disposal fields, 
*Wastewater treatment, Arkansas, Groundwater 
management, Groundwater recharge, Henry soil, 
Jefferson County, Perched groundwater, Econom- 
ic aspects, Pumps, Rainfall, Tile drains. 


The problem of diverting or removing subsurface 
perched water ponded on an impervious fragipan 
in wet seasons has confounded Arkansas environ- 
mentalists for a number of years. Particularly trou- 
bling has been the removal of groundwater on the 
flatlands (with slopes of < 10%) of the south- 
central part of Jefferson County, Arkansas. Noting 
the general soil type, slope and rainfall, the Univer- 
sity of Arkansas and the Arkansas Department of 
Health, Sanitary Services set out to develop a 
method to remove groundwater. A poorly drained 
Henry soil on an empty tract of land was donated 
for use. The data collected from the drain system 
established a rough baseline to determine the effect 
of ‘curtain’ tile drains in removing perched 
groundwater in relation to septic tank leach tile 
fields. Entitled the Vontungeln Groundwater 
Septic System Renovation Project, the study pro- 
vided an opportunity to determine if seasonal 
perched water could in fact be removed from flat 
south-central Arkansas Henry soils. In using a 
poorly drained Henry soil as the worst case situa- 
tion, it was determined that with rainfalls at or 
near average, groundwater could be drained by a 
simple method and at a reasonable cost. Estimated 
costs for a single 15.2 m (50 ft) drain tile including 
sump, pump and hookups was $500. Once the 
sump and pump items are in place, additional drain 
tile mould may be easily added to the system. 
Further determinations must be made to consider 
the effects of various septic tank field line distances 
on draw downs and the possibility of sewage infil- 
trations. (See also W90-09908) (Lantz-PTT) 
W90-09942 


WATER QUALITY MANAGEMENT OPTIONS 
FOR A COARSE ALLUVIAL WESTERN 
MOUNTAIN VALLEY AQUIFER IMPACTED 
BY SEPTIC SYSTEM WASTES. 

Montana Univ., Missouia. Dept. of Geology. 

For primary bibliog:aphic entry see Field 5G. 
W90-09943 


DETERMINATION OF A SITE’S HYDRAULIC 
CAPACITY. 

Lombardo and Associates, Inc., Annapolis, MD. 
For primary bibliographic entry see Field SE. 
W90-09944 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


COMPARATIVE STUDY OF THREE SOIL AB- 
SORPTION TRENCH DESIGNS INSTALLED 
IN AN ILLINOIAN TILL SOIL. 

Virginia State Dept. of Health, Richmond. Bureau 
of Sewage and Water. 

D. Effert, and M. Cashell. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 346-355, 4 fig, 4 tab, 
4 ref. EPA Contract No. CR-808168. 


Descriptors: *Hydraulic design, *On-site 
wastewater treatment, ‘*Soil disposal fields, 
*Wastewater disposal, *Wastewater treatment, Ab- 
sorption, Comparison studies, Drains, Seasonal 
variation, Septic wastewater, Soil treatment, 
Trenches, Water table. 


On-site wastewater treatment systems are frequent- 
ly constructed in areas where site or soil conditions 
are unsuitable. The performance of three on-site 
soil absorption trench designs which are intention- 
ally installed in an area that has been shown to be 
unsuitable for on-site wastewater treatment were 
evaluated. Comparisons are made in order to 
achieve the following objectives: (1) to determine 
if the Avonburg Soil Series may be suitable for the 
absorption, treatment and disposal of septic tank 
effluent; (2) to determine which of the three soil 
absorption trench designs, when installed in an 
Avonburg soil, absorbs the greatest volume of 
septic tank effluent during various seasons of the 
year; (3) to compare the performance of SB-2 
gravel-less distribution tubing to the performance 
of a conventional gravel filled trench; and (4) to 
determine if perimeter drains are an effective solu- 
tion to a seasonally high water table, which is 
typically associated with the Avonburg Soils 
Series. Results show that all three of the trench 
designs can be used in an Avonburg soil to absorb 
and dispose of septic tank effluent during the 
summer. During the winter and spring seasons, the 
conventional and SB-2 trenches absorbed little or 
no effluent and did not function for months at a 
time. A comparison of the conventional gravel- 
filled trench and the SB-2 corrugated fabric cov- 
ered tubing, shows that during 75% of the time, 
during the two year study, there was no statistical- 
ly significant difference in the absorption rate. The 
shallow trenches had significantly higher absorp- 
tion rate than the conventional or SB-2 trenches. 
Perimeter drains were ineffective in lowering the 
seasonally high water table sufficiently to allow for 
the year round use of the conventional or SB-2 
trenches. (See also W90-09908) (Author’s abstract) 
(Lantz-PTT) 

W90-09945 


HYDRAULIC PROPERTIES OF SOILS AS AF- 

FECTED BY SURFACE APPLICATION OF 

SEPTAGE. 

Minnesota Univ., St. Paul. Dept. of Agricultural 

Engineering. 

For primary bibliographic entry see Field 5E. 
90-09946 


NUMERICAL CLASSIFICATION SYSTEM TO 
DETERMINE OVERALL SITE SUITABILITY 
FOR SUBSURFACE WASTEWATER DISPOS- 
AL. 

Maine Dept. of Human Services, Augusta. 

For primary bibliographic entry see Field SE. 
W90-09947 


CLIMATE AS A FACTOR IN SITING SEPTIC 
TANK FILTER FIELDS. 

Arkansas Univ., Fayetteville. Dept. of Agronomy. 
E. M. Rutledge, C. L. Griffis, C. R. Mote, C. R. 
Bell, and D. K. Shoemaker. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IlIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 375-383, 3 fig, 9 ref. 


Descriptors: *Climates, *On-site wastewater treat- 
ment, *Septic tanks, *Site selection, *Soil disposal 


fields, *Wastewater disposal, *Wastewater treat- 
ment, Drainage, Hydraulic conductivity, Hydrau- 
lic properties, Pollution load, Precipitation. 


Septic systems consist of a septic tank and a filter 
field, which is composed of the bed (consisting of 
gravel and pipe) and the adjoining natural soil. The 
filter fields are expected to renovate the effluent 
from the septic tank and return it to the hydrologic 
cycle. Septic tank filter fields are required to trans- 
mit two hydraulic loads: (1) the effluent load from 
the septic tank; and (2) the naturally occurring 
climatic load which consists of the precipitation 
additions minus the moisture lost be evapotranspir- 
ation. Soil depths and water table depths are used 
mainly to determine the suitability of sites rather 
than loading rates. Climate is not considered as a 
variable when determining loading rates. The hy- 
pothesis that as climate varies, the relation between 
hydraulic conductivity and effluent loading rate 
should vary was tested. The approach used was to 
site one soil (fixed hydraulic properties) in three 
climates and evaluate the performance of filter 
fields in each setting. After the downward drain- 
age rate was determined, the soil moisture balance 
was utilized to determine effluent loading rates in 
the three climates. Effluent was added daily to the 
soil in the same manner as precipitation. Loading 
rates were selected on two criteria: (1) maximum 
loading without the occurrence of effluent at the 
soil surface; and (2) maximum loading without the 
occurrence of effluent at 30 cm below the soil 
surface. Data indicate that the downward drainage 
rate of soils may limit the loading rate, but the 
degree of limitation varies with climate. Loading 
rates may also be limited by a crust which often 
develops at the seepage bed-soil interface. Thus, 
the effluent loading rate of a soil may be limited by 
the soil’s downward drainage or by the crust. The 
design loading rate should be a reflection of the 
more limiting of the two. (See also W90-09908) 
(Lantz-PTT) 

W90-09948 


EVALUATION OF FLORIDA SOILS FOR ON- 
SITE SEWAGE DISPOSAL SYSTEMS. 

Florida Univ., Gainesville. Dept. of Soil Science. 
G. J. Sawka, M. E. Collins, R. B. Brown, and P. 

V. Rao. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 384-393, 1 fig, 5 tab, 
17 ref. 


Descriptors: *Florida, *On-site wastewater treat- 
ment, *Site selection, *Soil disposal fields, *Soil 
properties, *Wastewater disposal, *Wastewater 
treatment, Clays, Drains, Seasonal variation, Soil 
texture, Water table. 


On-site sewage disposal systems (OSDSs) intro- 
duce nearly 871 million L of water/day into the 
subsurface environment, making them a large 
source of artificial groundwater recharge and po- 
tentially a source of groundwater contamination. 
In Florida, the Department of Health and Rehabili- 
tative Services (HRS) is the state agency responsi- 
ble for permitting the use, siting, and construction 
of OSDSs. In Florida, two soil requirements must 
be met for standard OSDSs to be approved. The 
first soil requirement prohibits the occurrence of 
any unsuitable material such as bedrock, hardpan, 
clay, or muck within 107 cm of the bottom of the 
drain field trench or absorption bed. Required 
drain field size in suitable soil material, ranging 
from sand to sandy clay, is based on texture. Tex- 
tures higher in clay dictate large drain fields. The 
second soil requirement involves estimation of the 
high seasonal water table (HSWT). The water 
table in the wettest season must be at least 61 cm 
below the bottom surface of the drain field trench 
or absorption bed to conform with HRS regula- 
tions. Water table elevation is of critical impor- 
tance and is the most difficult property for health 
Officials to assess in Florida soils. There are > 500 
soil series classified in Florida, comprising 7 of the 
10 soil orders. Water table studies were conducted 
on poorly drained and moderately drained soils. 
There was considerable overlap in HSWT among 


the ranges of the three drainage classes studied, 
with high standard deviations. Poorly drained soils 
yielded the greatest percentage of correct classifi- 
cation, followed in decreasing percentage by some- 
what poorly drained soils and moderately well 
drained soils. Soil morphological features were 
helpful in estimating HSWT only to a limited 
extent. The best relationship was found when cer- 
tain soil morphological features were combined to 
estimate the HSWT. The most useful morphologi- 
cal properties were depth to low chroma mottles, 
E-horizon thickness, and depth to the B-horizon. 
For Spodosols, depth to the Bh-horizon was 
highly significant. (See also W90-09908) (Lantz- 
PTT) 


W90-09949 


RECOMMENDED SEPTIC TANK EFFLUENT 
LOADING RATES FOR FINE-TEXTURED, 
STRUCTURED SOILS WITH FLOW RESTRIC- 
TIONS. 

Simon and Associates, Inc., Blacksburg, VA. 

J. J. Simon, and R. B. Reneau. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 394-411, 8 fig, 9 tab, 
24 ref. 


Descriptors: *Septic tanks, *Soil disposal fields, 
*Soil properties, *Soil water, *Wastewater dispos- 
al, *Wastewater treatment, Absorption, Flow pro- 
files, Hydraulic properties, Percolation, Soil tex- 
ture. 


Soil structure is a primary determinant in the hy- 
draulic properties of fine textured soils. In contrast 
to many studies, which have emphasized texture or 
percolation rates, this study draws on direct rela- 
tionships between observed soil structure and per- 
formance of prototype septic tank drain field in 
which low pressure distribution was simulated. 
Trench bottoms should be placed at the depth in 
the soil profile which is well drained and is under- 
lain by the best structure. Loading rates for low 
pressure distribution systems installed in fine tex- 
tured subsoils are recommended based on relation- 
ships between structure, coarse fragment content 
and depth to restrictive layers. The study conclud- 
ed that texture or percolation rate alone should not 
be the sole criteria for determining the design 
loading rate of septic tank subsurface absorption 
systems (ST-SAS); soil structure should be a key 
evaluation tool. Adequate depths of well struc- 
tured soil should exist below the gravel-soil inter- 
face to allow sufficient drainage to provide slightly 
unsaturated conditions. The presence of large 
amounts of coarse fragments or intermittent beds 
of weathered rock should be the basis for using 
reduced loading rates in soils that are otherwise 
well structured. Fine textured soils which appear 
to be well drained should provide adequate treat- 
ment of effluent, and SAS longevity should occur, 
provided that loading rates are partially deter- 
mined relative to the structured of the soil material 
below and around the trenches. It is imperative 
that uniform distribution of effluent is also a design 
factor or else localized overloading may eventually 
result in system failure. (See also W90-09908) 
(Lantz-PTT) 

W90-09950 


LESSONS TO BE DRAWN FROM THE PER- 
FORMANCE OF A CONVENTIONAL DRINK- 
ING WATER TREATMENT PLANT DURING 
FALLOUT FROM THE CHERNOBYL ACCI- 
DENT (ENSEIGNMENTS RELATIFS AUX PER- 
FORMANCES D’UNE FILIERE CLASSIQUE 
DE TRAITEMENT D’EAU POTABLE LORS 
DES RETOMBEES DE L’ACCIDENT DE 
TCHERNOBYL). 

Compagnie Intercommunale Bruxelloise des Eaux 
(Belgium). 

For primary bibliographic entry see Field 5B. 
W90-09980 





POLYCHLORINATED BIPHENYLS: OCCUR- 
RENCE AND TREATMENT IN MUNICIPAL 
AND INDUSTRIAL WASTES (JAN 77 - AUG 


National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-869655. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
September 1989. 104p. 


Descriptors: *Bibliographies, *Industrial 
wastewater, *Municipal wastewater, *Polychlori- 
nated biphenyls, *Wastewater treatment, *Water 
pollution control, Activated carbon, Biodegrada- 
tion, Incineration, Legal aspects, Monitoring, Reg- 
ulations, Water quality control. 


This bibliography contains citations concerning 
treatment and disposal methods, specific site stud- 
ies, detection methods and equipment, and moni- 
toring techniques for polychlorinated biphenyls in 
industrial and municipal wastes. Treatment meth- 
ods include activated carbon, incineration, and bio- 
degradation. Legal and regulatory aspects are also 
discussed. Reports pertaining specifically to the 
occurrence of these compounds in sediments and 
soils are excluded from this bibliography. (This 
updated bibliography contains 186 citations, 38 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10032 


SEWAGE AND INDUSTRIAL WASTE TREAT- 
MENT: WETLANDS (JAN 77 - DEC 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-853722. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
December 1989. 78p. 


Descriptors: *Bibliographies, *Industrial 
wastewater, *Sludge treatment, *Wastewater treat- 
ment, *Wetland waste treatment, *Wetlands, Arti- 
ficial wetlands treatment, Case studies, Domestic 
wastes, Heavy metals, Municipal wastewater, Nat- 
ural wetlands treatment, Nutrient removal. 


This bibliography contains citations concerning de- 
velopments, operations, and evaluations of natural 
and artificial wetlands treatment of wastewater and 
sludges. Aquaculture treatments of industrial, mu- 
nicipal, and domestic wastewater are examined. 
Topics include nutrient removal, heavy metal re- 
covery, and case studies of wetland being used for 
wastewater treatment. (This updated bibliography 
contains 135 citations, 23 of which are new entries 
to the previous edition). (Author’s abstract) 
W90-10034 


OZONATION USED IN WATER AND SEWAGE 
TREATMENT (JAN 70 - MAR 90). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-862830. 
Price codes: NO1 in paper copy, N01 in microfiche. 
March 1990. 153p. 


Descriptors: *Bibliographies, *Ozonation, 
*Wastewater treatment, *Water treatment, Disin- 
fection, Ozone, Toxicity, Water pollution effects. 


This bibliography contains citations concerning the 
use of ozone for the purification of industrial 
wastewater, sewage, and drinking water. Topics 
include laboratory and field investigations of ozone 
purification techniques alone, and in combination 
with other treatment methods. Some attention is 
given to toxic effects of products resulting from 
ozone treatment of sewage and wastewaters. (This 
updated bibliography contains 288 citations, 69 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10035 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JAN 79 - JUN 87). 
National Technical Information Service, Spring- 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-865653. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
July 1989. 166p. 


Descriptors: *Bibliographies, *Costs, *Economic 
aspects, *Wastewater treatment, Cost-benefit anal- 
ysis, Sludge disposal, Sludge treatment plants. 


This bibliography contains citations concerning the 
costs and economics involved in technology and 
systems for sewage treatment, sludge disposal, and 
sewer lines. Most of the studies cover the overall 
construction and operating costs of sewage treat- 
ment plants. Other studies cover rate structures, 
financing, user charges, and benefits of regional- 
ized plants. (This updated bibliography contains 
348 citations, 0 of which are new entries to the 
previous edition). (Author’s abstract) 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JUL 87 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-865661. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
July 1989. 36p. 


Descriptors: *Bibliographies, *Costs, *Economic 
aspects, *Wastewater treatment, Cost-benefit anal- 
ysis, Sewer systems, Sludge disposal, User charges. 


This bibliography contains citations concerning the 
costs and economics involved in technology and 
systems for sewage treatment, sludge disposal, and 
sewer lines. Most of the studies cover the overall 
construction and operating costs of sewage treat- 
ment plants. Other studies cover rate structures, 
financing, user charges, and benefits of regional- 
ized plants. (This updated bibliography contains 64 
citations, all of which are new entries to the previ- 
ous edition). 

W90-10039 


SLUDGE DEWATERING: INDUSTRIAL 
WASTES AND SEWAGE (JUL 85 - DEC 88). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-853956. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
January 1989. 196p. 


Descriptors: *Bibliographies, *Industrial 
wastewater, *Sludge dewatering, *Wastewater 
treatment, Municipal wastewater, Process design, 
Sludge drying, Wastewater treatment facilities. 


This bibliography contains citations concerning 
dewatering techniques and equipment in sewage 
and waste treatment. Sewage sludge and waste 
dewatering design, processes and devices are dis- 
cussed. Industrial and municipal sludge dewatering 
techniques are considered. (This updated bibliogra- 
phy contains 290 citations, 83 of which are new 
entries to the previous edition). (Author’s abstract) 
W90- 10045 


SEWAGE SLUDGE TREATMENT BY COM- 
POSTING (JAN 70 - MAY 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861900. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 53p. 


Descriptors: *Bibliographies, *Composting, 
*Sludge treatment, *Wastewater treatment, Aer- 
ation, Biodegradation, Heavy metals, Land dispos- 
al, Microbial degradation, Odor control, Sludge 
disposal. 


This bibliography contains citations concerning the 
composting of sewage sludge as a viable treatment 
method. The use of aeration to control compost 
temperature, thus creating optimal conditions for 


147 


microbial activity is discussed. Cold weather com- 
posting, windrow composting, and odor control 
are also examined. Plant utilization of composted 
sewage sludge is also examined. The availability of 
heavy metals to plants from composted sewage 
sludge is briefly considered. (This updated bibliog- 
raphy contains 131 citations, 16 of which are new 
entries to the previous edition). (Author’s abstract) 
W90-10052 


a RECOVERY FROM WASTES (JUN 70 
: ). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861637. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 129p. 


Descriptors: *Bibliographies, *Metals, *Waste re- 
covery, *Wastewater treatment, Industrial wastes, 
Industrial wastewater, Waste treatment. 


This bibliography contains citations concerning the 
recovery and recycling or reuse of ferrous and 
nonferrous metals from various industrial wastes, 
especially waste waters. (This updated bibliogra- 
phy contains 334 citations, 0 of which are new 
entries to the previous edition). (Author’s abstract) 
W90-10053 


WASTEWATER TREATMENT: LAGOONS 
(JAN 77 - MAY 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861892. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 237p. 


Descriptors: *Bibliographies, *Wastewater la- 
goons, *Wastewater treatment, Industrial 
wastewater, Lagoons, Pretreatment of wastewater, 
Pulp and paper industry, Tannery wastes, 
Wastewater treatment facilities. 


This bibliography contains citations concerning the 
treatment and storage of wastewaters in lagoons. 
The design, operation, equipment, and pretreat- 
ment processes are discussed. The treatment of 
wastewater from breweries, tanneries, paper mills 
and other industrial operations are considered. De- 
scriptions and evaluations of specific facilities are 
provided. (This updated bibliography contains 401 
citations, 26 of which are new entries to the previ- 
ous edition). (Author’s abstract) 

W90-10054 


SLUDGE DEWATERING: SEWAGE AND IN- 
DUSTRIAL WASTES (JAN 78 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861595. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 122p. 


Descriptors: *Bibliographies, *Industrial wastes, 
*Sludge dewatering, *Wastewater treatment, Mine 
wastes, Municipal wastewater, Performance eval- 
uation, Sludge drying. 


This bibliography contains citations concerning 
techniques and equipment used in sewage, and 
industrial, mining, petroleum and municipal waste 
sludge dewatering. Dewatering processes, device 
design, and performance evaluations are consid- 
ered. (This updated bibliography contains 246 cita- 
tions, 13 of which are new entries to the previous 
edition). (Author’s abstract) 

W90-10056 


LEACHATE TREATMENT (JAN 77 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861587. 
Price codes: NO1 in paper copy, NO1 in microfiche. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


May 1989. 131p. 


Descriptors: *Bibliographies, *Landfills, *Lea- 
chates, *Wastewater treatment, *Water pollution 
control, Adsorption, Biological treatment, Chemi- 
cal treatment, Membrane processes, Resins, Waste 
disposal. 


This bibliography contains citations concerning 
treatability studies on leachate from landfills an 
solid waste disposal sites. Biological treatment, 
chemical coagulation, carbon adsorption, resin ad- 
sorption, membrane processes, and stripping are 
among the treatment processes discussed. (This 
updated bibliography contains 228 citations, 44 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10057 


METALS RECOVERY FROM WASTES (MAY 
88 - DEC 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-856261. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
January 1990. 25p. 


Descriptors: *Bibliographies, *Metals, *Waste re- 
covery, *Waste treatment, *Wastewater treatment, 
Industrial wastes, Industrial wastewater. 


This bibliography contains citations concerning the 
recovery and recycling or reuse of ferrous and 
nonferrous metals from various industrial wastes, 
especially wastewaters. (This updated bibliography 
contains 48 citations, 18 of which are new entries 
to the previous edition). (Author’s abstract) 
W90-10060 


LEACHATE TREATMENT (JAN 72 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-860423. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
April 1989. 66p. 


Descriptors: *Bibliographies, *Leachates, 
*Wastewater treatment, *Water pollution control, 
Activated sludge process, Chemical wastes, Coal 
spoil, Landfills, Ultrafiltration, Wastewater la- 
goons. 


This bibliography contains citations concerning a 
variety of methods utilized in the treatment of 
leachates. Solvent extraction, lagooning, ultrafiltra- 
tion, and activated sludge are among the tech- 
niques considered. Leachate from landfills, coal 
piles, and chemical wastes is discussed. (This up- 
dated bibliography contains 147 citations, 31 of 
which are new entries to the previous edition). 
(Author’s abstract) 
90-10064 


METALS RECOVERY FROM WASTES (JAN 77 
- APR 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-860159. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
April 1989. 246p. 


Descriptors: *Bibliographies, *Waste recovery, 
*Waste treatment, *Wastewater treatment, Indus- 
trial wastes, Industrial wastewater. 


This bibliography contains citations concerning the 
recovery and recycling or reuse of ferrous and 
nonferrous metals from various industrial wastes, 
especially wastewaters. (This updated bibliography 
contains 420 citations, 141 of which are new en- 
tries to the previous edition). (Author’s abstract) 
W90-10065 


SEWAGE SLUDGE PRETREATMENT 
DISPOSAL (MAR 88 - APR 89). 
National Technical Information Service, Spring- 


AND 


field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861116. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 49p. 


Descriptors: *Bibliographies, *Pretreatment of 
wastewater, *Sludge treatment, *Waste disposal, 
*Wastewater treatment, Composting, Dewatering, 
Digestion, Disinfection, Incineration, Land dispos- 
al, Ocean dumping, Sludge digestion, Sludge dis- 
posal, Sludge drying. 


This bibliography contains citations concerning 
techniques and equipment utilized in the pretreat- 
ment processes and disposal of sewage sludges. 
Topics include resource and energy recovery oper- 
ations, land disposal, composting, ocean disposal, 
and incineration. Digestion, dewatering, and disin- 
fection are among the pretreatment processes dis- 
cussed. Environmental aspects, including the ef- 
fects on soils, plants, and animals are also present- 
ed. (This updated bibliography contains 77 cita- 
tions, 77 of which are new entries to the previous 
edition). (Author’s abstract) 

W90-10066 


TECHNOLOGICAL PROGRESS IN 
PLACER MINING OPERATIONS. 
For primary bibliographic entry see Field 5G. 
W90-10082 


ALASKA 


BIOHYDROMETALLURGICAL APPROACH 
TO SELENIUM REMOVAL. 

Bureau of Mines, Salt Lake City, UT. Salt Lake 
City Research Center. 

D. M. Larsen, K. R. Gardner, and P. B. Altringer. 
IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 419-426. 2 fig, 
2 tab, 7 ref. 


Descriptors: *Agricultural runoff, *Biological 
wastewater treatment, *Heavy metals, *San Joa- 
quin Valley, *Selenium, *Wastewater treatment, 
*Water pollution treatment, Bacteria, California, 
Decontamination. 


The Bureau of Mines is conducting research on the 
removal of heavy metal ions from residual waters. 
This research has included exploratory batch and 
small-scale continuous laboratory studies on the 
biohydrometallurgical removal of selenium from 
agricultural drainage waters. Tests were conducted 
on alkaline drainage waters obtained from the Kes- 
terson National Wildlife Refuge, San Joaquin 
Valley, California. The waters contained 280 to 
3800 ppb selenium present as selenate. Using indig- 
enous bacteria, the selenium was reduced from 
selenate, Se(VI), to selenite, Se(IV), and then pre- 
cipitated in elemental form from solution. Selenium 
removal ranged from 87 to 96%, regardless of the 
initial selenium concentration; in one system, the 
selenium level was reduced from 3800 ppb to less 
than 150 ppb in about one hour. The technique was 
effective when the bacteria were added directly to 
the water, or when the water was pumped through 
a substrate that had been previously inoculated 
with bacteria. (See also W90-10068) (Author’s ab- 
stract) 

W90-10096 


REACTION OF CALCITE WITH DILUTE FLU- 
ORIDE SOLUTIONS. 

Mackay School of Mines, Reno, NV. Dept. of 
Chemical and Metallurgical Engineering. 

Z. Yang, and R. W. Smith. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 427-438. 10 
fig, 2 tab, 18 ref. Bureau of Mines Grant No. 
G1125132. 


Descriptors: ‘*Calcite, *Fluorides, *Industrial 
wastewater, *Wastewater treatment, Chemical 
treatment, Kinetics, Mineral wastewater, Tempera- 
ture. 


Fluorides are sometimes used as modifying agents 
in mineral flotation concentrators. Thus, there is 
potential for substantial aqueous waste discharge of 
fluorides from the plants, albeit in dilute form. 
Calcite, a carbonate rock mineral, was used with 
dilute hydrogen fluoride and sodium fluoride solu- 
tions. When dilute hydrogen fluoride solutions 
were reacted with calcite at different temperatures 
and the reaction studied as a function of time, 
under unstirred conditions, it was determined that 
the reaction followed an apparent second order 
rate law. From Arrhenium and Eyring plots of the 
data, the activation energies and enthalpies were 
intermediate in magnitude between solution diffu- 
sion control and solution reaction control of the 
reaction. When dilute sodium fluoride solutions 
were interacted with calcite the reaction was much 
slower and appeared to be independent of tempera- 
ture and obey an apparent first order rate law. An 
insoluble layer appeared to be forming on the 
calcite. The results indicate that the effectiveness 
of the calcite (present either naturally or added to 
a discharge area) in removing fluoride from a 
dilute aqueous effluent stream depends on the pH. 
If the pH is sufficiently low (around pH 3) most of 
the fluoride is precipitated as CaF2. At a higher 
initial pH value (pH 6), the reaction rate is much 
slower. (See also W90-10068) (Brunone-PTT) 
W90-10097 


PLACER MINING AND SURFACE DISTURB- 
ANCE ON PUBLIC LANDS IN ALASKA: TECH- 
NICAL ASPECTS OF MITIGATION AND REC- 
LAMATION. 

Bureau of Land Management, Anchorage, AK. 
Alaska State Office. 

For primary bibliographic entry see Field 5G. 
W90- 10099 


CIVIL ENGINEERING PRACTICE. VOLUME 
5: WATER RESOURCES/ENVIRONMENTAL. 

Technomic Publishing Co., Inc., Lancaster, Penn- 
sylvania. 1988. 813p. Edited by Paul N. Cheremis- 
inoff, Nicholas P. Cheremisinoff, and S. L. Cheng. 


Descriptors: *Civil engineering, *Environmental 
effects, *Environmental engineering, *Irrigation, 
*Reservoir operation, *Wastewater treatment, 
*Water management, *Water resources manage- 
ment, *Water supply, Estimating, Hazardous 
wastes, Industrial wastes, Model studies, Runoff, 
Water policy, Water pollution. 


Civil engineering includes a broad range of special- 
ties; for this reason, a series of volumes on civil 
engineering applications was put together. Volume 
5: Water Resources/Environmental focuses on the 
water supply and management, the irrigation, and 
the environmental aspects of civil engineering. 
Water supply, reservoir operations, water policy, 
environmental quality, runoff, and various estima- 
tion strategies are discussed in detail. Crop yield, 
modeling, and specialized types of irrigation are 
also covered. Current environmental issues such as 
industrial and hazardous waste, water pollution, 
and wastewater treatment, are tackled from an en- 
gineering viewpoint. An effort has been made to 
compile information that will have enduring value. 
The intent is to supply the practitioner with an 
authoritative reference work in the field of civil 
engineering. (See W90-10105 thru W90-10131) 
(Mertz-PTT) 

W90-10104 


WATER SUPPLY. 

Visvesvaraya Regional Coll. of Engineering, 
Nagpur (India). Dept. of Civil Engineering. 

P. R. Bhave, and A. G. Bhole. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 3-69, 53 
fig, 23 tab, 186 ref. 


Descriptors: *Water conveyance, *Water re- 
sources management, *Water supply, *Water 
transport, *Water treatment, *Water users, Aer- 
ation, Aqueducts, Canals, Disinfection, Domestic 
water, Drinking water, Filtration, Flocculation, In- 





dustrial water, Public waters, Pumps, Reservoirs, 
Sedimentation, Water softening. 


A modern water supply system may include facili- 
ties for collection and storage, transportation, 
pumping, treatment and distribution. Works for 
collection and storage include development of the 
watershed, dams, impounding reservoirs, intakes, 
wells, infiltration galleries and springs. Transporta- 
tion works include canals, aqueducts and pumping 
mains for transporting water from the storage to 
the consumer centers. Pumping works include 
pumps and other ancillary units for pumping 
water. Treatment includes aeration, screening, 
sedimentation, flocculation, filtration, disinfection, 
softening, and removal of harmful elements. Distri- 
bution works include distribution and equalizing 
reservoirs, pumps, valves, fire hydrants, meters and 
other appurtenances. Small community or rural 
water supply systems include a well, pump, storage 
and distribution facilities, while a large community 
or urban water supply system require numerous 
combinations of facilities. Water uses are classified 
as domestic, public, commercial and industrial. Do- 
mestic use accounts for 30-50% of the total water 
consumption. Public use amounts to 5-10% of total 
consumption. Commercial use takes about 10-30% 
of consumption, while industrial use accounts for 
20-50% of total consumption. (See also W90- 
10104) (Mertz-PTT) 

W90-10105 


INDUSTRIAL WASTE. 

Murdoch Univ. (Western Australia). School of En- 
vironmental and Life Science. 

G. E. Ho. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 559- 
588, 3 fig, 9 tab, 35 ref. 


Descriptors: *Environmental impact, *Hazardous 
wastes, *Industrial wastes, *Waste treatment, Air 
pollution, Clean Air Act, Environmental effects, 
Environmental policy, Fate of pollutants, Gaseous 
wastes, Liquid wastes, Pollutants, Resource Con- 
servation and Recovery Act, Solid wastes, Toxic 
Substances Control Act, Waste recovery, Waste 
reduction, Water Pollution Control Act, Water 
pollution. 


Industrial wastes can be classified as solid, liquid or 
gaseous. The problems associated with industrial 
wastes are due to substances contained in the 
wastes that may be toxic to organisms or generally 
detrimental to ecosystems supporting life on earth. 
Major pollutants of gaseous industrial wastes are 
particulates, sulfur oxides, nitrogen oxides, hydro- 
carbons and carbon monoxide. Liquid industrial 
wastes include suspended solids, oil and grease, 
organic matter, phosphorus and nitrogen, and acids 
and alkalis. Some industrial wastes consist of sub- 
stances dangerous enough to be considered hazard- 
ous wastes. In the United States the major federal 
government legislation covering industrial waste 
includes the Resource Conservation and Recovery 
Act, Water Pollution Control Act, Clean Air Act, 
Clean Water Act and Toxic Substances Control 
Act. Some substances in the waste stream may be 
recycled after some treatment. Reduction of waste 
volume is another option preventing pollution. 
Treatment of wastes is an expensive, but necessary 
option at times. Solid waste treatment processes 
include: compaction, size reduction, incineration, 
wet air oxidation, solidification, composting, and 
anaerobic digestion. Liquid waste streams may be 
treated by screening, sedimentation, flotation, acti- 
vated sludge process, trickling filtration, anaerobic 
digestion, carbon-adsorption, ion exchange, re- 
verse osmosis, electrodialysis chemical precipita- 
tion, and chlorination. Flocculation, centrifugation, 
aeration, incineration, evaporation, and solidifica- 
tion are also options. Gaseous wastes may be proc- 
essed by gravity settling chamber, cyclones, fabric 
filters, wet scrubbers, electrostatic precipitators, 
condensation absorption, adsorption, chlorination, 
and incineration. Ultimate destination of waste is 
always the atmosphere, surface water or land or by 
storage in shallow or deep confined land space. 
(See also W90-10104) (Mertz-PTT) 

W90-10124 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


HAZARDOUS WASTE. 

Toledo Univ., OH. Dept. of Civil Engineering. 
A. A. Jennings. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 589- 
618, 21 fig, 5 tab, 21 ref, append. 


Descriptors: *Hazardous wastes, *Industrial 
wastes, *Risk assessment, *Waste treatment, 
Chemical industry, Chemical treatment, Clean Air 
Act, Environmental effects, Incineration, Public 
participation, Resource Conservation and Recov- 
ery Act, Water Pollution Control Act. 


There are two applicable sources of fundamental 
information on industrial solid waste. One is a 
series of assessment studies conducted on select 
industrial groups within the Manufacturing divi- 
sion of the Standard Industrial Classification code. 
The second is a series of hazardous waste genera- 
tion evaluations prepared by state waste manage- 
ment authorities. U.S. hazardous waste generation 
rate may range from 10 million (wet) metric tons 
to 350 million tons per year. The majority of these 
are probably produced by manufacturing indus- 
tries, with the chemical industry creating the larg- 
est amount of hazardous waste. The Resource 
Conservation and Recovery Act of 1976 was in- 
tended to stop uncontrolled land disposal of solid 
and hazardous waste, but the Clean Air Act and 
the Water Pollution Control Act Amendments 
which controlled air and water pollutants, made it 
possible to divert many pollutants back to land 
disposal. There are two basic strategies for the 
disposal of hazardous waste. The material may be 
detoxified and released to the environment or it 
may be isolated from the environment by some 
form of permanent secure storage. Land disposal 
technologies were designed to attain permanent 
secure storage of hazardous wastes. Thermal de- 
struction technologies attempt to destroy hazard- 
ous wastes by converting (oxidizing) them into 
nonhazardous products such as stack gases and 
inert ash. Other treatments may involve physical 
or chemical reactions to convert hazardous waste 
into something that can ultimately be disposed. 
Hazardous waste risk analysis is a new concept in 
hazardous waste management. A thorough and 
public analysis of the risks is one of the most 
powerful vehicles for gaining public confidence 
and support. (See also W90-10104) (Mertz-PTT) 
W90-10125 


PHYSICAL TREATMENT PROCESSES IN 
WATER AND WASTEWATER TREATMENT. 
Windsor Univ. (Ontario). Dept. of Civil Engineer- 


ing. 

J. A. McCorquodale, and J. K. Bewtra. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 663- 
701, 32 fig, 4 tab, 146 ref. 


Descriptors: *Physical treatment, *Sedimentation, 
*Wastewater treatment, *Water treatment, Circu- 
lar tanks, Equalizing basins, Flow equalization, 
Model studies, Performance evaluation, Physico- 
chemical treatment, Rectangular tanks, Sedimenta- 
tion basins, Wastewater facilities, Water treatment 
facilities. 


The conventional water and wastewater treatment 
practices include the removal of impurities that 
may be present in suspended, colloidal or dissolved 
forms. The most common and effective unit proc- 
ess of sedimentation, along with flow equalization 
unit operation, is presented in this article. Flow 
equalization basins are basically flow-through or 
side-line holding tanks and their capacity is deter- 
mined by plotting inflow and outflow mass curves. 
In sedimentation tanks, the mixture of water and 
impurities enters from the inlet zone and, as it 
proceeds towards the effluent zone, the suspended 
solids settle downward to the sludge zone due to 
the gravitational effect. Several investigators have 
reported hydraulic efficiencies for various types of 
rectangular and circular tanks; however, most of 
the data have been obtained from models. Most 
circular tanks have greater mixing than rectangular 
tanks, but the probable flowing-through times are 
comparable for both type of tanks. The purpose of 


flow equalization is to smooth the flow and mass 
loads to a treatment facility. The load smoothing 
generally improves the efficiency of the clarifica- 
tion and other flow related processes at 
wastewater treatment plants. The performance of a 
sedimentation basin in removal of settleable parti- 
cles depends upon two important parameters: par- 
ticle characteristics and the basin hydrodynamics. 
Some research shows a significant improvement in 
removal efficiencies as a result of improved hy- 
draulic efficiency. This research shows that the 
removal efficiency of circular tanks is very similar 
to rectangular tanks, although the hydraulic effi- 
ciencies of the circular tanks are generally lower 
than rectangular tanks. (See also W90-10104) 
(Mertz-PTT) 

W90-10128 


USE OF WETLANDS FOR WASTEWATER 
TREATMENT. 

New England Univ., Biddeford, ME. Div. of Life 
Sciences. 

P. Sereico, and C. Larneo. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 767- 
787, 5 fig, 9 tab, 10 ref. 


Descriptors: *Biological wastewater treatment, 
*Sanitary engineering, *Wastewater treatment, 
*Wetland waste treatment, *Wetlands, Heavy 
metals, Hydrogen ion concentration, New Jersey, 
Nitrogen, Nutrient concentrations, Phosphorus, 
Phosphorus removal, Pollutants, Sedimentation, 
Wastewater dilution, Wastewater facilities, Water 
chemistry, Water temperature. 


Interest in using wetlands for wastewater treat- 
ment has increased. Properties such as high plant 
productivity and nutrient requirements, high de- 
composition activity, large absorptive areas in the 
substrate, and low oxygen content of the substrate 
give wetlands the ability to degrade and eliminate 
wastewater contaminants. Typical BOD removal 
efficienies are reported as 70-96% for natural wet- 
lands receiving secondary effluent and 50-90% for 
artificial wetlands receiving primary effluent. Sedi- 
mentation is an effective wetland mechanism for 
removing suspended solids. Phosphorus removal is 
facilitated by wetland organic soil that is poor in 
nutrients, vegetation limited by phosphorus supply 
and presence of iron and aluminum compounds. A 
reduced soil-water interface and vegetation limited 
by nitrogen are conditions favoring nitrogen re- 
moval, while low or no energy subsidy to the 
wetland by tides, wave action or streamflow en- 
hances removal of both nutrients. Heavy metals 
readily adsorb to particulates in the water column 
and sediments. This capacity is dependent upon 
water chemistry, the nature of the particles, ionic 
strength, pH, temperature, redox potential, and 
presence of competing cations. Topics of primary 
importance which should be considered when de- 
signing a wetland treatment system include: use 
and treatment objectives, system type and site se- 
lection, design parameters, operational require- 
ments, and treatment efficiency. The possibility of 
using a wetland system for wastewater treatment 
in New Jersey is explored. (See also W90-10104) 
(Mertz-PTT) 

W90-10131 


EFFECT OF PHOSPHORUS PRECIPITATION 
CHEMICALS ON CHARACTERISTICS AND 
AGRICULTURAL VALUE OF MUNICIPAL 
SEWAGE SLUDGES: 1. CHARACTERISTICS 
OF CA, AL AND FE PRECIPITATED SEWAGE 
SLUDGES. 

Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

R. Jokinen. 

Acta Agriculturae Scandinavica AASCAU, Vol. 
40, No. 2, p 123-129, 1990. 4 tab, 24 ref. 


Descriptors: *Chemical precipitation, *Municipal 
wastewater, *Phosphorus, *Wastewater farming, 
*Wastewater treatment, Aluminum, Calcium, 
Chemical wastewater treatment, Copper, Iron, 
Manganese, Sludge treatment, Zinc. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


The precipitation of P from municipal wastewaters 
with Ca, Al or Fe chemicals increased the content 
of these elements in sewage sludge. The total P 
content of Al sludges was the highest (30 g/kg dry 
matter (DM)) and that of Ca sludge the lowest (12 
g/kg DM). About 1% of the total P was extracta- 
ble in 0.5 M acid (pH 4.65) ammonium acetate, Ca 
sludge being an exception with about 30% amount 
of extractable P. The extractable fraction of total 
Ca (7-172 g/kg DM) varied between 39% and 
98%. Acid (pH 4.65) ammonium acetate-EDTA 
extractable fraction of total Al (10-65 g/kg DM) 
varied between 1% and 23%, and that of total Fe 
(13-89 g/kg DM) between 11% and 23% in differ- 
ent sludges. Maximal Al extractable in 1 M KCl 
amounted to 0.2% of the total Al. The plant avail- 
able fraction (ammonium -EDTA (AAA) extracta- 
ble) was: 20-34% of the total Mg; 2-21% K; and 1- 
12% N. The micronutrient content of the sludges 
varied as follows: Cu content 0.1-1.35 g/kg DM, 
Zn content 0.24-2.10 g/kg DM, and Mn content 
0.18-1.43 g/kg DM. The highest value for Cu was 
observed in AVR (3% Fe(3+-), 7.2% Al(3+)) 
sludge, for Zn in Fe and for Mn in Ca sludge. The 
plant available fraction (extractable in AAA- 
EDTA), i.e. the organic matter complexed part of 
the total micronutrients was highest in Fe+Al 
sludge 2. being more than 70%. Among other 
sludges the variation range was wide. (See W90- 
10157 and W90-10158) (Lantz-PTT) 

W90-10156 


EFFECTS OF PHOSPHORUS PRECIPITA- 
TION CHEMICALS ON CHARACTERISTICS 
AND AGRICULTURAL VALUE OF MUNICI- 
PAL SEWAGE SLUDGES: 2. EFFECT OF 
SEWAGE SLUDGES ON YIELD, ELEMENT 
CONTENTS AND UPTAKE BY SPRING 
BARLEY (HORDEUM VULGARE, L). 
Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

R. Jokinen. 

Acta Agriculturae Scandinavica AASCAU, Vol. 
40, No. 2, p 131-140, 1990. 5 tab, 21 ref. 


Descriptors: *Chemical precipitation, *Municipal 
wastewater, *Phosphorus, *Wastewater farming, 
*Wastewater treatment, Aluminum, Calcium, 
Chemical wastewater treatment, Iron, Sludge 
treatment. 


In a two-year pot experiment with spring barley, 
Al sludge caused a decrease in grain yield com- 
pared to a P fertilized treatment without sludge on 
acid sandy clay soil only. Fe + Al sludge 2 and 
AVR (39% Fe(2+), 7.2% Al (3+)) sludge de- 
creased the grain yield on organic soil, whereas Fe 
+ Al sludge 1 gave good results on all soils. 
Precipitated, quick lime stabilized sludges and Ca 
sludge were on a par with P fertilization. Increases 
in P, Ca, Al and Fe contents of sludge treated soils 
affected the element contents of grains less than 
the contents of straw. Sludges precipitated with Al 
and Fe increased the content of these elements in 
straw. The uptake of P by the total barley yield 
was highest when Fe + Al sludge 1 was applied, 
irrespective of soil type. P uptake was lowest wit 
Al sludge on mineral soils and with Fe + Al 
sludge 2 on organic soil. Uptakes of Al and Fe 
were dependent on these elements being added in 
the soils with sludges. The proportion of grains on 
the total uptake of Al was about one-tenth and that 
of Fe about one-third. (See also W90-010156) (Au- 
thor’s abstract) 

W90-10157 


EFFECT OF PHOSPHORUS PRECIPITATION 
CHEMICALS ON CHARACTERISTICS AND 
AGRICULTURAL VALUE OF MUNICIPAL 
SEWAGE SLUDGES: 3. ANALYTICAL RE- 
SULTS OF SLUDGE TREATED SOILS. 
Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

For primary bibliographic entry see Field 3C. 
W90-10158 


ELECTROCHEMICAL PROCESSES IN ENVI- 
RONMENTAL PROTECTION (ELEKTROCHE- 
MISCHE UMWELTTECHNIE). 

DECHEMA, Frankfurt am Main (Germany, 


F.R.). 

G. Kreysa. 

Chemie-Ingenieur-Technik CITEAH, Vol. 62, No. 
5, p 357-365, May 1990. 14 fig, 2 tab, 44 ref. 


Descriptors: *Electrochemistry, *Environmental 
protection, *Wastewater treatment, Chlorides, 
Dichloroacetic acid, Electrolysis, Industrial 
wastewater, Membrane processes. 


Electrochemical processes can contribute consid- 
erably to environmental protection by means of 
waste purification processes and production inte- 
grated waste minimization. Examples are used to 
illustrate electrochemical gas purification, purifica- 
tion of metal containing wastewaters, and the elec- 
trolytic decomposition of neutral salt solutions. As 
examples of production-integrated environmental 
protection, this article considers fluidized bed elec- 
trolysis, membrane processes for alkali chloride 
electrolysis, and electroreduction of dichloroacetic 
acid. (Author’s abstract) 

W90-10175 


SLURRY MIXING WITH IMPELLERS: PART 
1. THEORY AND PREVIOUS RESEARCH. 
AFRC Inst. of Engineering Research, Silsoe (Eng- 
land). Welfare Science Div. 

T. R. Cumby. 

Journal of Agricultural Engineering Research 
JAERA2, Vol. 45, No. 3, p 157-173, March 1990. 4 
fig, 3 tab, 48 ref. 


Descriptors: *Farm wastes, *Hydraulic machinery, 
*Impellers, *Mathematical studies, *Slurries, 
*Wastewater treatment, Mathematical equations, 
Mixing, Wastewater treatment facilities. 


Mixing is essential for effective aerobic or anaero- 
bic treatment of farm slurries, but can add signifi- 
cantly to the fixed and variable costs of such 
treatments. Rotating impellers are frequently used 
for mixing but their efficiency depends strongly on 
the relationships between their diameter, shape and 
speed. Previous research studies have attempted to 
explore these relationships with agricultural slur- 
ries in laboratory and pilot-scale mixing experi- 
ments, but none has used volumes greater than 1 cu 
m. Hence substantial scale-up factors are required 
to apply the results to full-size systems which may 
be 1000 cu m or more, and therefore slurry mixer 
design based on present research findings is suscep- 
tible to large errors. To provide a better basis for 
mixer scale-up, the appropriate theories of impeller 
design are discussed and various alternative expres- 
sions for scale-up of impellers are compared. The 
problems in determining the impeller Reynolds 
number are also discussed and the most appropri- 
ate method is identified for large-scale mixing ex- 
periments. Also, a novel expression is derived to 
assess the effectiveness of slurry mixers. (Author’s 
abstract) 

W90-10179 


MODEL OF THE VERTICAL DISTRIBUTION 
OF SOLIDS DURING SLURRY MIXING. 
AFRC Inst. of Engineering Research, Silsoe (Eng- 
land). Buildings and Livestock Div. 

T. R. Cumby, and N. K. H. Slater. 

Journal of Agricultural Engineering Research 
JAERA2, Vol. 45, No. 3, p 187-207, March 1990. 
10 fig, 4 tab, 15 ref. 


Descriptors: *Hydraulic machinery, *Mixing, 
*Model studies, *Slurries, *Wastewater treatment, 
Flow velocity, Impellers, Mathematical equations, 
Mathematical models, Settling, Turbines. 


A theoretical description is derived for the distri- 
bution of solids that are imperfectly mixed in a 
tank by an impeller. The main assumptions are that 
ail particles settle at the same constant rate, and 
that the mixing effect of the impeller can be char- 
acterized by a turbulent diffusivity term. The re- 
sultant mathematical model predicts the local 
solids concentration at any depth within the liquid 
under conditions of partial mixing. The model does 
not indicate any lateral concentration gradients. 
The model was tested experimentally with pig 
slurry in a cylindrical tank of 10.8 cu m capacity. 
The mixer was a vertical axis, concentric, disc 


turbine impeller of diameter equal to 16% of the 
tank diameter, and was operated at three speeds. 
The model satisfactorily predicted solids distribu- 
tion at the slowest speed, but not at the faster 
speeds. It cannot, therefore, be recommended for 
wider use for slurries, but the approach may merit 
further consideration for solid-liquid systems with 
a smaller range of solids settling velocities. The 
results indicated that the resuspension of settled 
solids was probably a stepwise process and that 
zones of different turbulence levels resulted from 
the shear-thinning properties of the slurry. It was 
therefore concluded that cheaper slurry mixing 
may be achieved by using two-part mixers: a small 
high-speed impeller to maintain particles in suspen- 
sion and a large slow impeller to initially lift the 
particles. (Author’s abstract) 

W90-10180 


CONVEX BLADED MIXED FLOW (CBMF) IM- 
PELLER: A HIGH PERFORMANCE AGITA- 
TOR FOR MIXING SLURRIES. 

Cambridge Univ. (England). Dept. of Chemical 
Engineering. 

K. Niranjan, A. B. Pandit, C. D. Rielly, J. F. 
Davidson, and T. R. Cumby. 

Journal of Agricultural Engineering Research 
JAERA2, Vol. 45, No. 3, p 225-239, March 1990. 
11 fig, 2 tab, 15 ref. AFRC Grant LRGS. 


Descriptors: *Farm wastes, *Hydraulic machinery, 
*Impeliers, *Mixing, *Slurries, * Wastewater treat- 
ment, Aeration, Performance evaluation, Turbines. 


Studies on the utility of the convex bladed mixed 
flow (CBMF) impeller to mix and aerate pig slurry 
are described. The power consumption character- 
istics were determined in aerated and unaerated pig 
slurry, on the laboratory scale (tank diame- 
ter=0.29 m, impeller diameter=0.098 m); these 
characteristics were compared with experimental 
data for a Rushton turbine and a pitched-bladed 
turbine of the same diameter. In farm scale experi- 
ments (tank diameter=2.5 m, impeller diame- 
ter=0.83 m), the power consumption and solid 
suspension characteristics of the CBMF impeller 
were studied using unaerated pig slurry: the per- 
formance of the CBMF impellers was compared 
with earlier data for a Rushton turbine and a 
pitched-bladed impeller in a tank of the same size. 
The CBMF impeller effectively maintained a high 
level of homogeneity in the slurry. To maintain the 
mixing index at a typical value of 0.025, the CBMF 
impeller consumed 13% of the power reported for 
the pitched-bladed turbine and only 1.5% of that 
reported for the Ruston turbine. It should be said 
that there was a 2 year interval between the earlier 
tests carried out using the Rushton turbine and 
pitched-bladed turbine, and the present work. 
These comparisons must therefore be interpreted 
in the light of the complexities associated with the 
characterization of the two slurries: the slurry used 
to test the CBMF impeller, and that used by the 
earlier workers to test the performance of the 
pitched-bladed turbine and the Rushton turbine. 
Notwithstanding marginal differences between 
some of their properties, the slurries could be 
regarded as being similar in all respects, thereby 
justifying the comparisons. Both the slurries were 
drawn from the same piggery and their properties, 
especially those relevant to mixing--density, rheo- 
logical behavior, concentration of solids and their 
size distribution--were not significantly different. 
(Author’s abstract) 

W90-10181 


HEAVY METAL REMOVAL WITH LIGNIN. 
Metallurgical and Engineering Consultants (India) 
Ltd., Ranchi. Environmental Engineering Div. 

K. V. R. Verma, T. Swaminathan, and P. V. R. 
Subrahmanyam. 

Journal of Environmental Science and Health (A) 
JESEDU, Vol. 25, No. 3, p 243-265, April 1990. 10 
fig, 4 tab, 18 ref. 


Descriptors: *Heavy metals, *Industrial 
wastewater, *Lignin, *Pulp and paper industry, 
*Wastewater treatment, Cadmium, Copper, 
Metals, Sorption. 





Use of lignin to remove copper and cadmium 
removal from pulp and paper industry wastewater 
was explored as a low-cost treatment alternative. 
The optimum pH for maximum metal removal was 
5.5 for copper (1.2 mg/gm lignin) and 6.5 for 
cadmium (2.1 mg/gm lignin). Below pH 2.0 and 
above pH 7.0 Cu removal was almost nil; above 
pH 7.5 Cd removal was almost nil. At alkaline pH, 
metal hydroxides precipitated. The optimum con- 
tact time was 1 hr. Hydrogen ions were released 
during metal removal, reducing metal removal 
near negligibility. This was attributed to breakage 
of the metal-lignin bond. The threshold lignin dose 
was dependent on the metal concentration: 2.5 and 
5.0 g/L lignin for initial metal concentrations of 10 
and 20 mg/liter metal, respectively. Smaller lignin 
particles sorbed metal better than larger particles, 
but the effect was marginal. Maintenance of con- 
stant optimum pH increased metal removal effi- 
ciencies by 38% for Cu and by 125% for Cd. 
Cassar-PTT) 

W90-10182 


OXYGEN TRANSPORT THROUGH AQUATIC 
MACROPHYTES: THE ROLE IN 
WASTEWATER TREATMENT. 

Florida Univ., Gainesville. Dept. of Soil Science. 
K. R. Reddy, E. M. D’Angelo, and T. A. DeBusk. 
Journal of Environmental Quality JEVQAA, Vol. 
19, 2, p 261-267, April/June 1990. 3 fig, 6 tab, 
39 ref. 


Descriptors: *Aquatic plants, *Biological 
wastewater treatment, *Macrophytes, *Oxygen 
transfer, *Wastewater treatment, Aeration, Arrow- 
heads, Denitrification, Nitrification, Nitrogen re- 
moval, Pennywort, Pickerelweeds, Ponds, Second- 
ary wastewater treatment, Water hyacinth. 


Laboratory experiments were conducted to deter- 
mine the effectiveness of three floating and six 
emergent aquatic macrophytes in improving do- 
mestic wastewater quality, based on their capac- 
ities for oxygen transport into the effluent. Oxygen 
transport into the rooting zone of the plants cre- 
ated an oxidized microenvironment, stimulating C 
and N transformations. Plants were cultured in 
flasks containing deoxygenated primary and sec- 
ondary sewage effluent for an 8-day period. Two 
floating plants, pennywort and water hyacinth, and 
the emergent plants pickerelweed and common 
arrowhead were superior in improving primary 
sewage effluent quality be reducing BOD up to 
88%, ammonium-N up to 77%, and increasing 
dissolved oxygen up to 6.1 mg/liter. Nitrification 
rates in pennywort systems and water hyacinth 
systems were in the range of 12 to 47 kg ammoni- 
um-N/ha/day. Oxygen transport through plants 
accounted for up to 90% of the total oxygen 
transported into the effluent. In separate batch 
experiments, the effectiveness of diffuse mechani- 
cal aeration (5 and 50 ml air/min) and of biological 
aeration on the rate of contaminant removal from 
deoxygenated primary sewage effluent were com- 
pared fora 26-day period. Biological and mechani- 
cal aeration produced similar BOD removal. First- 
order reaction rate constants for BOD removal 
were from 0.0066 to 0.0079/hr and from 0.0041 to 
0.0051/hr for biological and mechanical aeration, 
respectively. Rate constants for ammonium-N re- 
moval were from 0.0024 to 0.0107/hr for the plant 
treatments. Virtually complete BOD removal oc- 
curred in biological and mechanical aeration treat- 
ments within 20 days. (Author’s abstract) 
W90-10190 


PROCESSES OF IRON AND MANGANESE RE- 
TENTION IN LABORATORY PEAT MICRO- 
— SUBJECTED TO ACID MINE DRAIN- 
AGE, 

Villanova Univ., PA. Dept. of Biology. 

For primary bibliographic entry see Field SB. 
W90-10195 


EFFECT OF NITRATE AND ORGANIC 
MATTER UPON MOBILITY OF SELENIUM 
IN GROUNDWATER AND IN A WATER 
TREATMENT PROCESS. 

Lawrence Berkeley Lab., CA. Earth Sciences Div. 
For primary bibliographic entry see Field 5B. 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


W90-10201 


BULKING SLUDGE CAUSING BACTERIA 
FROM SEWAGE TREATMENT PLANTS: II. 
GROWTH PHYSIOLOGY OF FILAMENTOUS 
BACTERIA (BLAHSCHLAMM  VERURSA- 
CHENDE BAKTERIEN AUS KLARANLAGEN. 
II, WACHSTUMSPHYSIOLOGIE FADENFOR- 
MIGER BAKTERIEN). 

Technische Univ. Berlin (Germany, F.R.). Dept. 
of Hygiene. 

M. Ziegler, and W. Dott. 

Zeitschrift fuer Wasser - und Abwasser Forschung 
ZWABAQ, Vol. 23, No. 2, p 49-57, April 1990. 11 
fig, 31 ref. English summary. 


Descriptors: *Bacteria, *Biological wastewater 
treatment, *Bulking sludge, *Wastewater treat- 
ment, Ammonium, Carbohydrates, Filamentous 
bacteria, Growth kinetics, Hydrogen ion concen- 
tration, Nitrates, Nutrient requirements, Phos- 
phates, Sewage bacteria. 


Growth investigations were carried out with rep- 
resentative isolates of the six groups of filamentous 
bacteria: type 021 N, Sphaerotilus natans, Halisco- 
menobacter hydrossis, nocardioform Actinomy- 
cetes, pigmented colonies, and Bacillus sp. The 
influence of different concentrations of fructose, 
peptone, lactate, acetate, ammonium, nitrate, phos- 
phate, calcium, thiosulfate, sulfide, and other pa- 
rameters like temperature and pH on the amount of 
bacterial dry mass and the morphology of filamen- 
tous bacteria was examined. It was found that these 
various parameters influenced the growth and 
morphology of the chosen isolates in different 
ways. (Author’s abstract) 
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COMBINED PRETREATMENT OF INDUSTRI- 
AL CHEMICAL WASTE WATERS USING HY- 
DROGEN PEROXIDE OXIDATION AND SUB- 
SEQUENT ACTIVATED CARBON ADSORP- 
TION (KOMBINIERTE VORBEHANDLUNG 
VON ABWASSERN AUS DER CHEMISCHEN 
INDUSTRIE DURCH WASSERSTOFFPEROX- 
IDE-OXIDATION UND NACHFOLGENDE AK- 
TIVKOHLEADSORPTION). 

Standoz A.G., Basel (Switzerland). Zentrale Um- 
weltschutzlaboratorien. 

U. Gruntz, and A. Wyss. 

Zeitschrift fuer Wasser - und Abwasser Forschung 
ZWABAQ, Vol. 23, No. 2, p 58-61, April 1990. 6 
fig, 2 tab,12 ref. English summary. 


Descriptors: *Activated carbon, *Chemical 
wastewater, *Hydrogen peroxide, *Industrial 
wastewater, *Oxidation, *Wastewater treatment, 
Activated sludge process, Adsorption, Agricultur- 
al chemicals, Chemical oxygen demand, Dye in- 
dustry wastes, Filtration, Pretreatment of 
wastewater. 


Good biodegradable chemical wastewaters with 
<2000 mg/L total organic carbon were purified at 
low cost in an activated sludge plant. To achieve 
the required eliminations, some wastewaters had to 
be pretreated. The pretreatment with hydrogen 
peroxide and subsequent activated carbon filtration 
was tested for wastewaters from dyestuff produc- 
tion and agrochemical production. Low dosages of 
hydrogen peroxide increased the portion which 
was adsorbed well on activated carbon. Higher 
dosages improved the biodegradability by simulta- 
neous decrease of the portion which was adsorbed 
well. The activated carbon filtration of the 
wastewaters oxidized with 0.43 g hydrogen perox- 
ide/g COD preferentially removed the refractory 
substances. To test different degrees of pretreat- 
ment and to estimate material use, the pretreated 
wastewaters were fed into an activated sludge pilot 
plant The materials required for the partial oxida- 
tion followed by activated carbon adsorption were 
lower than for either treatment method separately. 
(Author’s abstract) 

W90-10207 


BRICK SEWER LIFE EXTENDED. 
Brown and Caldwell, Seattle, WA. 
P. A. Brunner, and M. O’Neal. 


Water Engineering and Management WENMD2, 
Vol. 137, No. 4, p 30-49, April 1990. 2 fig. 


Descriptors: *Inspection, *Municipal wastewater, 
*Pipelines, *Seattle, *Sewers, *Storm wastewater, 
*Tunnel failure, *Tunnel linings, *Water transport, 
Conduits, Underground structures, Washington, 
Wastewater disposal. 


Analysis of brick-sewer performance and an under- 
standing of failure mechanisms have saved Seattle, 
Washington more than forty million dollars in 
major rehabilitation costs. A finite element model 
of a brick conduit was developed and used to 
evaluate vertical earth loads with varying side and 
bedding support conditions and internal pressure 
due to surcharging. Estimates were made of the 
load carrying capacity of the timber sets and lag- 
ging. Geological models of earth loading on buried 
conduits and tunnels were reviewed to determine 
the possible range of earth loading that might exist. 
Brick and mortar samples were obtained by coring 
and analyzed for shear, tensile and compression. It 
was determined that vertical earth loads that did 
not exist at the time of construction, which oc- 
curred from 1890 through 1930, were being trans- 
ferred to the brick sewers. A walk-through inspec- 
tion was conducted in the 60-90 inch in diameter 
sewers for the purpose of identifying specific de- 
fects, establish subsequently monitoring stations 
and collect water samples. Sewers smaller than 54 
inches in diameter will require the use of remote 
inspection techniques. Condition assessment per- 
formed found the sewers to be in good shape. It 
was recommended that frequent inspections will 
provide early indications of change. (Feder-PTT) 
W90-10218 


FIELD MEASUREMENTS OF THE HYDRAU- 
LIC RESISTANCE OF SANITARY SEWERS. 
Alberta Univ., Edmonton. Dept. of Civil Engi- 
neering. 

R. Gerard, R. Bouthillier, and J. Besmehn. 
Canadian Journal of Civil Engineering CJCEB8, 
Vol. 16, No. 6, p 936-944, December 1989. 6 fig, 4 
tab, 13 ref. 


Descriptors: *Field tests, *Flow resistance, *Hy- 
drauiic roughness, *Sanitary wastewater, *Sewer 
hydraulics, Alberta, Concrete pipes, On-site data 
collections, Pipes, Suburban areas. 


Measurements of the in-service hydraulic rough- 
ness of some 33 lengths of small suburban sanitary 
sewers are reported, to aid in the development of 
new guidelines in Alberta, Canada. Attention was 
confined to Polyvinyl chloride and concrete be- 
cause these are the most common materials cur- 
rently used for new suburban sanitary sewers in 
Alberta. The test results indicate that the hydraulic 
roughness used in design should vary with pipe 
slope, material, and the proportion of the design 
flow that is dry-weather flow. In particular, the 
typical design roughness currently recommended 
seems low for low slope sewers, but high for those 
with slopes greater than about 1%. The tests re- 
vealed that sewers installed below the usual recom- 
mended minimum slope were operating as success- 
fully as those of steeper slope, which implies that 
the current minimum-slope recommendations may 
be too conservative. It is suggested that the specifi- 
cation of minimum slope by using a specified mini- 
mum velocity be replaced with either a specified 
boundary shear or a minimum slope specification 
designed to eliminate ponding in the sewer. Sever- 
al augmented-flow tests were also carried out 
which confirmed that the variation in effective 
roughness with depth is much stronger than is 
usually assumed. They also showed that there is a 
significant hysteresis in the roughness variation on 
the rising and falling limbs of a hydrograph. (Au- 
thor’s abstract) 

W90-10234 


PARACHLOROPHENOL 

USING BIOAUGMENTATION. 
Akron Univ., OH. Dept. of Civil Engineering. 
M. S. Kennedy, J. Grammas, and W. B. Arbuckle. 
Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 227-233, 


DEGRADATION 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


May/June 1990. 9 fig, 2 tab, 14 ref. 


Descriptors: *Biodegradation, *Biological 
wastewater treatment, *Chlorinated hydrocarbons, 
*Microbial degradation, *Parachlorophenol, 
*Phenols, *Wastewater treatment, Degradation, 
Kinetics, Mathematical models, Model studies. 


Chemostats containing unacclimated biomass were 
subjected to spiked inputs of parachlorophenol (4- 
CP) and supplemented with varying amounts of 4- 
PC degrading culture. Without bioaugmentation, 
4-PC degradation was negligible. Accelerated 4- 
PC removal rates were observed in reactors sup- 
plemented with 4-PC degrading biomass. Bioaug- 
mentation test results were used to verify a kinetic 
model incorporating the Haldane equation for mi- 
crobial growth and separate metabolic require- 
ments for supplemental and indigenous microbial 
populations. Accurate short-term predictions of re- 
actor performance were achieved using the model. 
For simulations longer than 10 hours, model pre- 
dictions deviated from experimental results. (Au- 
thor’s abstract) 


ANAEROBIC BIODEGRADABILITY AND 
TOXICITY OF HYDROGEN PEROXIDE OXI- 
DATION PRODUCTS OF PHENOLS. 

Kentucky Univ., Lexington. Dept. of Civil Engi- 
neering. 

Y. T. Wang, and J. L. Latchaw. 

Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 234-238, 
May/June 1990. 5 fig, 5 tab, 17 ref. U.S. Depart- 
ment of the Interior project 87-03. 


Descriptors: *Anaerobic conditions, *Biodegrada- 
tion, *Biological wastewater treatment, *Hydro- 
gen peroxide, *Phenols, *Toxicity, *Wastewater 
treatment, Activated carbon, Cresol, Degradation, 
Dinitrophenol, Methane, Microbial degradation. 


The anaerobic biodegradability and toxicity of oxi- 
dation products of two phenolic compounds (o- 
cresol and 2,4-dinitrophenol) reacted with hydro- 
gen peroxide were evaluated in batch methano- 
genic cultures. The reaction products of o-cresol 
under high doses of hydrogen peroxide were bio- 
degradable to methane and the biodegradable frac- 
tion increased with increasing dose of hydrogen 
peroxide. The reaction products of o-cresol under 
low doses of hydrogen peroxide were inhibitory 
and were not degraded to methane. However, the 
inhibition was reduced and conversion of biode- 
gradable products to methane was noted after ap- 
plying powdered activated carbon. Sufficient oxi- 
dation also reduced the toxicity of 2,4-dinitro- 
phenol to a phenol-enriched methanogenic culture. 
(Author’s abstract) 

W90-10310 


DENITRIFICATION IN A MOVING BED 
UPFLOW SAND FILTER. 

Florida Univ., Gainesville. Dept. of Environmental 
Engineering Sciences. 

B. Koopman, C. M. Stevens, and C. A. 
Wonderlick. 

Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 239-245, 
May/June 1990. 8 fig, 4 tab, 12 ref. 


Descriptors: *Biochemical oxygen demand, *Deni- 
trification, “Nitrates, “*Nitrites, *Sand filters, 
*Wastewater treatment, Hydraulic loading, Metha- 
nol, Nitrogen. 


The denitrification performance of a moving bed 
upflow sand filter with methanol added as a carbon 
source was evaluated. Hydraulic loading rates 
were varied between 3.4 and 11.0 m/d and influent 
NO2 + NO3-N concentrations of up to 22 g/cu m 
were tested. The turnover rate of the sand bed 
ranged between 0.4 and 3.8 bed volumes/d. Com- 
plete denitrification (effluent NO2 + NO3-N < or 
= 1.0 g/cu m) was obtained at daily loadings of up 
to 2.7 kg/cu m total equivalent NO3-N. The mini- 
mum methanol dosage required for complete deni- 
trification was in the range of 3.3-3.5 g methanol/g 
total equivalent NO3-N. Methanol leakage, as evi- 
denced by an increase of BOD-S across the filter, 


was negligible at dosages of 3.5 g/g total equiva- 
lent NO3-N or less. (Author’s abstract) 
W90-10311 


DIAGRAM FOR DESIGNING AND OPERAT- 
ING SECONDARY CLARIFIERS ACCORDING 
TO THE THICKENING CRITERION. 

Clemson Univ., SC. Dept. of Environmental Sys- 
tems Engineering. 

T. M. Keinath. 

Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 254-258, 
May/June 1990. 5 fig, 8 ref. 


Descriptors: *Activated sludge process, *Clarifi- 
ers, *Design standards, *Project planning, *Sec- 
ondary wastewater treatment, *Wastewater facili- 
ties, *Wastewater treatment, Charts, Costs, Eco- 
nomic aspects, Process control, Sludge thickening, 
Wastewater management. 


A broadly applicable design and operations chart 
for activated sludge secondary clarifiers was devel- 
oped. The procedure for using the chart both by 
design engineers and treatment plant operators was 
illustrated using several examples. These show that 
the chart can be used with ease for designing a 
secondary clarifier according to the thickening cri- 
terion and evaluating various economic trade-offs 
to determine a cost-effective design. The oper- 
ations examples showed how return sludge flow 
rate or step feed control strategies can be imple- 
mented to ameliorate thickening overloaded condi- 
tions in an operating secondary clarifier. (Author’s 
abstract) 

W90-10313 


DENITRIFICATION IN A BATCH 
WASTEWATER TREATMENT SYSTEM USING 
SEQUESTERED ORGANIC SUBSTANCES. 

California Univ., Davis. Dept. of Civil Engineer- 


ing. 

W. L. Jones, E. D. Schroeder, and P. A. Wilderer. 
Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 259-267, 
May/June 1990. 9 fig, 4 tab, 27 ref. 


Descriptors: *Batch treatment, *Denitrification, 
*Nitrification, *Wastewater treatment, Aeration, 
Biological wastewater treatment, Chemical treat- 
ment, Nitrates, Nitrites, Nitrogen fixing bacteria, 
Nitrogen removal, Wastewater facilities. 


A process incorporating sequencing batch reactors 
for organic removal and denitrification and a fixed- 
film device for nitrification was investigated in a 
bench-scale study. Emphasis was placed on the 
phenomena of sequestering of organic material and 
its later use as an electron donor for denitrification. 
Parameters varied to optimize system performance 
included the nature of the carbon source, the oper- 
ating scheme during organic removal, and the 
nature of the nitrified feed stream to the denitrifi- 
cation stage. It was concluded that aeration for 
organic removal should be provided only until 
total organic carbon and oxygen respiration stabi- 
lize, providing a residual source of electron donor 
for later denitrification. A small amount of nitrite 
in the denitrification feed stream resulted in a 
robust population of organisms capable of reducing 
nitrite faster than nitrate, resulting in a 30% in- 
crease in the denitrification rate over systems fed 
only nitrate as an electron acceptor. (Author’s 
abstract) 

W90-10314 


OPERATION OF A THREE-STAGE SBR 
SYSTEM FOR NITROGEN REMOVAL FROM 
WASTEWATER. 

California Univ., Davis. Dept. of Civil Engineer- 
ing. 

w L. Jones, P. A. Wilderer, and E. D. Schroeder. 
Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 268-274, 
May/June 1990. 4 fig, 4 tab, 28 ref. CEE Grant 
8200794. 


Descriptors: *Denitrification, *Nitrification, *Ni- 
trogen removal, *Sequencing batch reactors, 
*Wastewater treatment, Batch treatment, Carbon 
removal, Fixed film processes, Nitrates, Nitrites. 


Bench-scale and pilot-scale experiments were con- 
ducted to investigate the feasibility of a three-stage 
sequencing batch reactor (SBR) process for carbon 
and nitrogen removal. Carbon removal was carried 
out in SBR operated under high loading conditions 
(Stage 1). Nitrification was accomplished in a 
fixed-film reactor (Stage 2), the effluent from 
which was returned to the SBR for denitrification 
(Stage 3). Under both laboratory and field condi- 
tions, it was shown that sequestered substances 
remaining after completion of Stage 1 process may 
increase the denitrification rates by as much as an 
order of magnitude over true endogenous rates. To 
ameliorate the development of a nitrite peak during 
denitrification, selection methods should be used 
that promote the growth of true denitrifiers. The 
overall nitrogen removal capacity of the system is 
limited to about 75%, not as a result of kinetic 
limitations but because of the necessity of retaining 
influent nitrogen in the settled sludge from the first 
stage. (Author’s abstract) 

W90-10315 


ECONOMIC EVALUATION OF INDIRECT 
SLUDGE DRYING PRIOR TO INCINERATION 
PROCESSES. 

Clemson Univ., SC. Dept. of Environmental Sys- 
tems Engineering. 

S. Schwarz, T. J. Overcamp, and T. M. Keinath. 
Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 275-281, 
May/June 1990. 5 fig, 2 tab, 23 ref. DOE Contract 
W-31-109-Eng-38, Argonne National Laboratory 
Subcontract 41182401. 


Descriptors: *Cost analysis, *Economic aspects, 
*Incineration, *Sludge drying, *Wastewater treat- 
ment, Cost-benefit analysis, Wastewater manage- 
ment, Wastewater treatment facilities. 


An economic evaluation of the partial drying of 
sewage sludge prior to sludge incineration was 
made for four different systems incorporating indi- 
rect sludge dryers. Two of these designs used 
mechanical vapor recompressors to heat the 
dryers. The sludge used in most of the calculations 
was an anaerobically digested sludge with a 50% 
volatile content that was dewatered with conven- 
tional equipment to a solids content of 23 to 25%. 
The costs of these processes were compared with 
the cost of conventional sludge incineration using a 
fluidized-bed furnace with waste energy recovery. 
The results show that the unit costs for the system 
designs incorporating sludge drying generally are 
lower than those for the base case of conventional 
incineration. As plant size increases, the processes 
that incorporate drying are increasingly less expen- 
sive than the base case. The economic advantage 
gained by sludge drying is even more attractive 
when compared with present day sludge inciner- 
ation practice in which inefficient multihearth in- 
cinerators are used without waste energy recovery. 
System designs using hollow-disk dryers are less 
expensive than those using thin-film dryers. Non- 
ethless, the choice of the dryer should also include 
a consideration of factors such as its operating 
characteristics. For example, the short residence 
time of the sludge in a thin-film dryer may be 
advantageous in adjusting to changes in operating 
conditions. For larger plants, use of a mechanical 
vapor recompressor (MVR) is competitive with 
other options in which the sludge dryer is heated 
with steam produced in a waste heat boiler. Use of 
MVR offers the possibility of drying a sludge at 
one site while either incinerating it at another, or 
using it as a supplemental industrial fuel or a soil 
conditioner. This may be advantageous for smaller 
plants or for plants that cannot incinerate sludge 
due either to local regulations or the costs of 
operating small incineration systems. Sludge 
drying prior to incineration can be economically 
attractive when compared with conventional incin- 
eration. (Sand-PTT) 

W90-10316 


HIGH-RATE COLIFORM DISINFECTION OF 
STORMWATER OVERFLOW. 

Illinois Inst. of Tech., Chicago. Dept. of Environ- 
mental Engineering. 

C. N. Haas, K. Longley, and T. Selfridge. 





Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 282-287, 
May/June 1990. 3 fig, 5 tab, 17 ref. 


Descriptors: *Chlorination, *Coliforms, *Disinfec- 
tion, *Storm water overflow, *Wastewater treat- 
ment, Bacteria, California, Microbiological studies, 
Oakland, Pilot plants. 


The treatment of stormwater or combined over- 
flows is a major engineering problem for many 
municipalities. Among the pollutants that must be 
treated in such wastes are microbial pathogens, and 
in some situations these may be the only pollutants 
of concern. Disinfection is the only unit process in 
water or wastewater treatment whose sole objec- 
tive is pathogen destruction. For utilities in which 
anticipated stormwater overflows are of high in- 
tensity, but occur only rarely, the use of a low 
capital cost disinfection process is highly desirable. 
While chlorination is, in general, of low capital 
cost relative to other disinfection processes, the 
economic utilization of chlorine in such applica- 
tions favors th eminimization of detention time. 
Thus, it is desirable to examine the extent to which 
a high-dose, short contact time chlorination proc- 
ess might be effective as a treatment for these 
streams. This study analyzes the results of a set of 
pilot-plant studies conducted at the East Bay Mu- 
nicipal Utility District of Oakland, California, as 
part of its wet weather program to assess the 
feasibility of such a process and to define design 
parameters. Results from these pilot studies indi- 
cate that it is feasible to disinfect stormwater with 
a high-rate chlorination process in order to meet 
coliform standards. Ammonia, velocity, and the 
product of the residual chlorine (mg/L) and the 
contact time (seconds) were the significant param- 
eters describing the inactivation of total coliform 
for the wastewater evaluated during this study. 
The Collins-Selleck-white (with its ‘default param- 
eters’) model did not adequately describe the inac- 
tivation of total coliform for this study. Thus, a 
model to significantly describe the inactivation of 
total coliform was developed. (Sand-PTT) 
W90-10317 


EFFECT OF BOAT HOLDING TANK CHEMI- 
CALS ON TREATMENT PLANT PERFORM- 
ANCE. 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Civil Engineering. 

J. T. Novak, C. R. McDaniel, and S. C. Howard. 
Research Journal of the Water Pollution Control 
Federation JWPFAS, Vol. 62, No. 3, p 288-295, 
May/June 1990. 15 fig, 2 tab, 11 ref. 


Descriptors: *Activated sludge process, *Boating 
wastes, *Odor control, *Recreation wastes, *Septic 
tanks, *Septic wastewater, *Storage tanks, 
*Wastewater treatment, Chemical oxygen demand, 
Dimethylamino ethylene dichloride polyme, 
— Odors, Paraformaldehyde, Sludge 
solids. 


To simulate recreational boating holding-tank 
shock loading of wastewater treatment, laboratory 
activated sludge and septic tank treatment units 
operating at steady state were spiked with different 
odor-control chemicals over a 2-day period to 
simulate dumping of chemicals over the weekend, 
and their performance was evaluated. Three differ- 
ent chemicals were used, one containing formalde- 
hyde, one containing paraformaldehyde, and a 
chemical containing dimethylimino ethylene di- 
chloride polymer as the primary odor-control 
agent. The effect of the chemicals on chemical 
oxygen demand (COD removal and suspended 
solids discharge and the rate of recovery after 
shock loading was monitored. Both treatment sys- 
tems withstood loadings amounting to 25% of the 
recommended dose for holding tanks without loss 
of treatment efficiency. At higher doses, a tempo- 
rary reduction of COD removal occurred but the 
systems recovered over a period of several days 
after chemical addition ceased. The major negative 
effect on operation was loss of solids due to foam- 
ing in the activated sludge systems caused by sur- 
factants in the chemicals. (Sand-PTT) 

W90-10318 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Ultimate Disposal Of Wastes—Group 5E 


RECOVERY OF AMMONIA FROM INDUSTRI- 
AL WASTE WATER (RUECKGEWINNUNG 
VON AMMONIAK AUS _ INDUSTRIEAB- 
WASSER). 

Graz Univ. (Austria). Inst. fuer Thermische Ver- 
fahrenstechnik und Umwelttechnik. 

R. Marr, and M. Koncar. 
Chemie-Ingenieur-Technik CITEAH, Vol. 62, No. 
3, p 175-182, March 1990. 12 fig, 3 tab, 37 ref. 
English summary. 


Descriptors: *Ammonia, *Industrial wastewater, 
*Process water, *Waste recovery, *Wastewater 
treatment, Economic aspects, Separation tech- 
niques, Water chemistry, Water quality standards. 


On the basis of new ecological findings, 
wastewaters containing residual amounts of ammo- 
nia or ammonium ion formerly regarded as safe 
must now be classified as a serious potential hazard 
for the environment. Since new limits for ammo- 
nia/ammonium in waste waters are to be expected 
in the near future, considerable research and devel- 
opment work is currently being invested in the 
separation and recovery of ammonia. Ammonium 
compounds in wastewater have three main nega- 
tive actions on the environment: Overfertilization 
of surface waters; toxic action on water organisms; 
and oxygen consumption through nitrification. 
Sources of ammonium-rich effluents include indus- 
try, agriculture, precipitation, runoff, and munici- 
pal wastewater. Possible processes for the separa- 
tion of ammonia from industrial wastewater in- 
clude nitrification and denitrification, inflection- 
point chlorination, expulsion processes using am- 
monia combustion, and precipitation. Ammonia- 
recovery methods which increase the pH value are 
expulsion processes using acid washing, fluid-mem- 
brane permeation, and adsorption. Ion exchange, 
electrodialysis, reverse osmosis, and reagent ex- 
traction are ammonia-recovery processes which do 
not increase the pH. Air stripping, fluid-membrane 
permeation, ion exchange, and reagent extraction 
yield an ammonium-salt solution in concentrations 
up to saturation. Steam stripping gives an ammoni- 
um solution with a concentration 10 times that of 
the entering wastewater (with adjustment, up to 
saturation). Acid washes are possible through 
which ammonium salts can be obtained. Adsorp- 
tion yields an ammonia solution. Since this process 
is still in the developmental stage, there are no 
empirical concentration data. Reverse osmosis 
yields an ammonium-salt solution which is limited 
by osmotic pressure and membrane resistance. 
Electrodialysis also yields an ammonium-salt solu- 
tion; the concentration:separation ratio = 100. No 
selective separation is possible with either reverse 
osmosis or electrodialysis. Precipitation produces 
solid magnesium aluminum phosphate, but the 
presence of toxic impurities can make the product 
unusable. Reagent extraction processes are also still 
in the developmental stage. (Dublin-PTT) 
W90-10326 


5E. Ultimate Disposal Of Wastes 


HYDROLOGIC ACTIVITIES OF THE U.S. GE- 
OLOGICAL SURVEY IN SUPPORT OF THE 
RADIONUCLIDE MIGRATION PROGRAM, 
NEVADA TEST SITE AND VICINITY, NYE 
COUNTY, NEVADA, FISCAL YEAR 1987. 
Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09539 


ANAEROBIC DIGESTION OF CROPS AND 
FARM WASTES IN THE UNITED KINGDOM. 
Massey Univ., Palmerston North (New Zealand). 
R. E. H. Sims, and K. M. Richards. 

Agriculture, Ecosystems and Environment 
AEENDO, Vol. 30, No. 1/2, p 89-95, January 
1990. 3 fig, 9 ref. 


Descriptors: *Anaerobic digestion, *Animal 
wastes, *Biogas, *Farm wastes, *Waste treatment, 
*Waste utilization, Costs, Economic aspects, 
Energy sources, Farming, Great Britain. 


The research and development program undertak- 
en since 1979 by the Energy Technology Support 
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Unit (ETSU) on behalf of the British Department 
of Energy is reviewed. It has resolved many of the 
original uncertainties concerning on-farm produc- 
tion of biogas. It has also demonstrated that in a 
number of pilot and commercial farm-scale plants 
the digestion of animal wastes and other feedstocks 
from plant material is technically feasible. Howev- 
er, the economic viability of a typical farm installa- 
tion (based on either the traditional stirred-tank 
digester or more advanced designs) is likely to be 
poor, resulting in long or even infinite payback 
periods. The national benefit from agricultural an- 
aerobic-digestion systems is therefore likely to be 
insignificant unless credit can be given for resulting 
environmental improvements. In some circum- 
stances, an individual farmer may well be advised 
to invest in an anaerobic-digestion plant if he has a 
specific environmental problem (rather than as the 
major objective of producing an on-farm energy 
supply). However, the biogas produced could be 
used to offset the costs involved in controlling the 
problem. Because the current British environmen- 
tal regulations are unlikely to be made more strin- 
gent in the foreseeable future, there appears to be 
little need for further research and development 
into on-farm biogas. Consequently the ETSU pro- 
gram has been concluded, but a watching brief will 
be maintained should future developments occur 
which might make biogas production more attrac- 
tive. (Author’s abstract) 

W90-09609 


NITROGEN FIXATION OF SOYBEAN AND 
ALFALFA ON SEWAGE SLUDGE-AMENDED 
SOILS. 

Lincoln Univ., Jefferson City, MO. Cooperative 
Research Program. 

F. Eivazi. 

Agriculture, Ecosystems and Environment 
AEENDO, Vol. 30, No. 1/2, p 129-136, January 
1990. 5 tab, 14 ref. 


Descriptors: *Alfalfa, *Nitrogen fixation, *Sludge 
disposal, *Sludge utilization, *Soybeans, *Waste 
disposal, *Wastewater farming, *Water pollution 
effects, Heavy metals, Phytotoxicity, Plant 
growth, Wastewater utilization. 


A greenhouse experiment was conducted to deter- 
mine growth, heavy metal uptake and nitrogen 
fixation of soybean (Glycine max) and alfalfa 
(Medigo sativa) using two soils and two sources of 
sewage sludge. The municipal sludges were col- 
lected from an industrialized city and a small town 
with little industry, and were applied at rates of 35 
and 70 mg/ha. The root and shoot dry weights of 
both alfalfa and soybean were increased by the 
application of limed, anaerobically digested, low- 
metal sludge. Nitrogen fixation, however, was not 
significantly affected by low-metal sludge applica- 
tion. Dry matter and nitrogen fixation of both 
species were significantly decreased by the applica- 
tion of high-metal sludge in plants grown on both 
soils. (Author’s abstract) 

W90-09610 


PARASITIC HAZARD WITH 
SLUDGE APPLIED TO LAND. 
Caen Univ. (France). Lab. de Parasitologie. 

D. Barbier, D. Perrine, C. Duhamel, R. Doublet, 
and P. Georges. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1420-1422, May 1990. 
3 tab, 3 ref. 


SEWAGE 


Descriptors: *Land disposal, *Parasites, *Sludge 
analysis, *Sludge disposal, *Sludge utilization, Ag- 
riculture, Pastures, Path of pollutants, Tapeworms. 


The increasing use of sewage sludge applied to 
land is envisaged as a potential parasitic hazard. A 
study was conducted: (1) to improve a concentra- 
tion technique for recovering the main parasites, 
especially Taenia saginata eggs, allowing the para- 
sitic content of sludges to be quantified by deter- 
mining the average of this content after a minimal- 
ly reduced confidence interval and leading to a 
realistic quantification; (2) to estimate the viability 
of recovered parasite eggs; and (3) to assess the 
guidelines for spreading urban sewage sludge when 
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it is applied to agricultural land, in order to evalu- 
ate the actual parasitic hazard. Generally once a 
week on the same day, a single 1500 g centrifuged 
sludge sample was obtained at the treatment plant 
from fifteen 100 g sludge samples taken directly 
from the centrifugal machine every hour for 15 
hours and was homogenized at a laboratory. From 
this 1500 g sample, samples of 2 g each were 
examined routinely. The technique used was 
FAUST triple flotation with an increasing specific 
gravity zinc sulfate solution for a better recovery 
of Taeniidae eggs. It appears, by the technique 
used in the study, that a great number of T. sagin- 
ata eggs can be recovered, allowing for their quan- 
tification in sewage sludge. The results showed 
that of 250 million T. saginata eggs that will on 
average be scattered per hectare of grazing or 
pasture land some 20 million are viable. Despite 
the low viability (8%) noted, the viable T. saginata 
egg level remains high and offers a serious risk for 
cattle even after a 3-week ‘no-grazing’ period. 
(Agostine-PTT) 

W90-09633 


METHODS FOR DISTINGUISHING _ BE- 

TWEEN SINGLE AND MULTIPLE DISCHARG- 

ER SITUATIONS. 

Illinois Univ. at Urbana-Champaign. Newmark 

Civil Engineering Lab. 

For primary bibliographic entry see Field 5B. 
-09668 


ECOLOGY OF SOME RICEFIELDS IN JAPAN 
AS EXEMPLIFIED BY SOME BENTHIC 
FAUNA, WITH NOTES ON MANAGEMENT. 
Tohoku Univ., Sendai (Japan). Biological Inst. 

Y. Kurihara. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYAZ, Vol. 74, No. 5, p 507-548, 1989. 21 fig, 
22 tab, 58 ref. 


Descriptors: *Benthic fauna, *Bioaccumulation, 
*Heavy metals, *Japan, *Land disposal, *Path of 
pollutants, *Ricefields, *Sludge disposal, Agricul- 
ture, Ecology, Herbicides, Recycling, Rural areas, 
Snails, Tubificids. 


The role of tubificids and mud snails in the rice- 
field ecosystem was examined using their ecology 
as a basis for highlighting problems in the strategy 
of recycling between agricultural and urban activi- 
ties. Tubificid oligochaetes occur in high densities 
in ricefields where irrigation water is polluted with 
sewage, high organic matter content is present in 
the soil and when highly toxic insecticides are not 
used. High tubificid densities reduce and even 
eliminate weeds, change the composition and den- 
sity of bacteria and increase the density of zoo- 
plankton. They also serve as a high quality source 
of food for fish comparable to that of insects. 
Conditions that promote a healthy growth of tubi- 
ficids obviate or reduce the need for herbicides and 
the high levels of inorganic fertilizers. Mud snails 
which thrive in ricefields have been used as an 
important source of protein food for humans in 
rural Japan. The snails can consume a sludge-reed 
compost mixture used as a fertilizer in ricefields. 
However, the high heavy metal content in the 
sludge is accumulated by the snails which are thus 
unfit for human consumption. It is suggested that a 
recycling system comprising sewage sludge, reeds, 
fish, insects and egrets using these snails and tubifi- 
cids be used in order to keep the ricefield ecology 
in harmony. (Author’s abstract) 

W90-09699 


INTERACTION OF CA(H2P04)2 APPLIED TO 
AN OXISOL AND PREVIOUS SLUDGE 
AMENDMENT: SOIL AND CROP RESPONSE. 
Hawaii Univ., Honolulu. Dept. of Agronomy and 
Soil Sciences. 

N. V. Hue. 

Communicaiions in Soil Science and Plant Analy- 
sis CSOSA2, Vol. 21, No. 1/2, p 61-73, 1990. 2 fig, 
5 tab, 16 ref. USDA Tropical and Subtropical 
Agricultural Research Grant (Section 406) 88- 
34135-3598. 


Descriptors: *Nutrients, *Sludge utilization, *Soil 
amendments, Aluminum, Calcium, Lettuce, Phos- 


phorus, Plant physiology, Sludge disposal, Soil 
solution. 


Treble superphosphate (TSP) was applied at 0 and 
120 kg P/ha to a highly weathered Oxisol that had 
received various levels of a sewage sludge 5 yr 
earlier. Lettuce (Lactuca sativa L.) was grown as a 
test crop. Plant and soil chemical composition indi- 
cated that the efficiency of TSP was increased 
significantly in the presence of sludge: 120 kg P/ha 
added to soils amended with 45, 90, and 180 mg/ha 
sludge were correspondingly as effective as 306, 
314, and 196 kg P/ha as TSP required by the 
unamended soils. This probably was because or- 
ganic anions and molecules produced by the sludge 
reacted with P fixing sites on the soil surface and/ 
or chelated-precipitated soluble Al. Furthermore, 
increased Ca levels in soil solution by sludge or 
TSP addition improved plant growth and reduced 
Al uptake. For lettuce, the adequate Ca range 400- 
500 mg/L in soil solution and 1.9-2.0% in leaf. 
Because of an unexpected additional input, ade- 
quate range of soil solution P could not be deter- 
mined clearly for lettuce, but the plant’s internal P 
requirement appeared to be 0.45-0.50%. (Author’s 
abstract) 

W90-09721 


HAZARDOUS WASTE MANAGEMENT ENGI- 
NEERING. 

Van Nostrand Reinhold, New York. 1986. 520p. 
Edited by Edward J. Martin and James H. John- 
son. 


Descriptors: *Hazard assessment, *Hazardous 
waste disposal, *Project planning, *Waste disposal, 
*Waste management, *Wastewater treatment, Bio- 
logical treatment, Chemical treatment, Dioxins, In- 
cineration, Landfills, Metals, Physicochemical 
treatment, Polychlorinated biphenyls, Regulations, 
Risk assessment, Site selection, Solvents, Storage 
tanks. 


The management of hazardous wastes requires an 
understanding of technical, regulatory, economic, 
permitting, institutional, and public policy issues. 
The engineer has a major role in hazardous waste 
management, particularly in developing alternative 
solutions and evaluation criteria; assisting in the 
selection and development of hazardous waste fa- 
cility sites, if they are necessary; and designing the 
necessary facilities to implement the selected alter- 
native. Treatment and disposal options and con- 
cerns include: incineration; physical, chemical, and 
biological treatment; risk analysis; site evaluation 
and selection; storage in tanks; and land treatment 
and landfills. Since regulatory limitations often ex- 
clude certain low-cost methods, such as landfills, 
for wastes containing metals, polychlorinated bi- 
phenyls, solvents, and dioxins, alternative methods 
must be implemented. (See W90-09828 thru W90- 
09835) (Brunone-PTT) 

W90-09827 


HAZARDOUS WASTE AND CHEMICAL SUB- 
STANCES: STATUTORY REVIEW. 
Environmental Protection Agency, Washington, 
DC. Office of Toxic Substances. 

A. Edelman. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 9-36, 
8 tab. 


Descriptors: *Chemical wastes, *Hazard assess- 
ment, *Hazardous wastes, *Legislation, *Regula- 
tions, *Resource Conservation and Recovery Act, 
Federal jurisdiction, Mortality, State jurisdiction. 


Management and disposal of hazardous wastes are 
causing a revolution in sanitary engineering prac- 
tices. To put the control of hazardous wastes into 
perspective, the definition of hazardous waste and 
the many statutes adopted by Congress that may 
place constraints on or otherwise affect hazardous 
waste management, must be examined. The Envi- 
ronmental Protection Agency (EPA)’s Office of 
Soiid Waste (OSW), under authority of the Re- 
source Conservation and Recovery Act (RCRA), 
has promulgated regulations concerning identifica- 
tion of hazardous waste, has developed standards 
for generators, transporters, treaters, storers, and 


disposers of hazardous waste, and has developed 
criteria for solid waste (nonhazardous) disposal 
facilities. A hazardous waste is defined by the 
RCRA statute to include: any solid waste or com- 
bination of solid wastes that, because of quantity, 
concentration, or physical, chemical, or infectious 
characteristics, may cause or significantly to an 
increase in mortality or an increase in serious irre- 
versible or incapacitating reversible illness, or pose 
a substantial present or potential hazard to human 
health or the environment when improperly man- 
aged. In addition to RCRA, twenty-four major 
pieces of legislation, administered by five federal 
agencies (Consumer Product Safety Commission, 
Occupational Safety and Health Administration, 
Food and Drug Administration, Department of 
Transportation, and EPA), direct the federal gov- 
ernment to regulate chemicals. These statutes, leg- 
islative histories, or case law address three aspects 
of risk: type of harm, type of risk, and required 
consideration between the chemical and the harm 
that “wd result. (See also W90-09827) (Brunone- 
PTT 


W90-09828 


EXPOSURE AND RISK ASSESSMENT. 
Environmentai Protection Agency, Washington, 
DC. Office of Solid Waste. 

B. P. Smith. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 37-79, 
3 fig, 14 tab, 37 ref, append. 


Descriptors: *Hazardous waste disposal, *Mathe- 
matical models, *Public health, *Risk assessment, 
*Waste management, Landfills, Model studies, 
Path of pollutants, Soil porosity, Soil properties, 
Water pollution control. 


Tools for bounding health risks to humans near 
hazardous waste treatment, storage, or disposal 
facilities (TSD) are important is assessing risk. Risk 
and exposure assessment can be viewed as an eight- 
step process: (1) defining source terms, (2) trans- 
port and transformation analyses, (3) locating re- 
ceptors 2nd defining dose, (4) health effects projec- 
tion, (5) evaluating risk acceptability, (6) identify- 
ing control options, (7) recomputing exposure 
levels, and (8) monitoring results. Emissions of 
pollutants to the groundwater are difficult to quan- 
tify and are poorly understood. Compounds with a 
high octanol-water partition coefficient are easily 
absorbed by the soil matrix and tend to be immo- 
bile even in a leaking landfill. On the other hand, 
some of these compounds are almost completely 
solubilized in the presence of selected solvents, 
resulting in leachate concentrations that are con- 
siderably higher than those found in the original 
waste. To supplement field data, mathematical 
models based on Fick’s first law of diffusion and 
mass transfer principles can be used. Pollutant be- 
havior in the environment is governed by two 
mechanisms: transport and transformation. To de- 
scribe the chemical fate and transport processes 
involved in pollutant dispersion, the Exposure 
Analysis Modeling System can be used. After a 
risk assessment for the TSD has been completed, 
corrective action may include: changing the gener- 
ating industrial process to eliminate or to reduce 
the level of the constituent; changing the waste 
management equipment to alternative devices; 
and/or changing practices to reduce factors of 
safety (rerouting toxic wastes, cease dissolved air 
flotation operation on valley inversion days). (See 
also W90-09827) (Brunone-PTT) 

W90-09829 


CHEMICAL, PHYSICAL, AND BIOLOGICAL 
HAZARDOUS W. 


TREATMENT OF '. 
Howard Univ., Washington, DC. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09830 


INCINERATION OF HAZARDOUS WASTE. 
Environmental Protection Agency, Washington, 
DC. Office of Water Regulations and Standards. 
For primary bibliographic entry see Field SD. 
W90-09831 





STORAGE OF HAZARDOUS WASTES. 
ERM-North Central, Inc., Park Ridge, IL. 

R. Ball, and J. H. Johnson. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 317- 
363, 3 fig, 5 tab, 2 append. 


Descriptors: *Design criteria, *Hazardous waste 
disposal, *Permits, *Site selection, *Waste manage- 
ment, *Waste storage, Management planning, Reg- 
ulations, Waste disposal. 


The most critical element in the success and cost of 
a storage facility is its location. The location will 
directly influence the construction cost and permit- 
ability of the site. The location will also affect the 
operating and closure costs. A locational proce- 
dure, using principles of indexing and scoring, can 
develop a multiplicative-additive index for a pro- 
posed scoring site. Such an index can be used to 
compare alternative sites, evaluate the purchase of 
an existing facility, and assess the permit-ability of 
a site. Post-closure requirements provide a strong 
incentive to design the facility to avoid them. The 
essential requirement is that all residues and con- 
taminated portions of the facility be removable. 
Although the removal should, if possible, be com- 
pleted in six months or less, the closure plan may 
justify a longer period if necessary. In all cases 
where removal is not complete, the property deed 
must record a notation that will notify any poten- 
tial purchaser that the land was used to manage 
hazardous wastes. A description of the location, 
type, and amount of hazardous waste on the site 
must be filed with the Environmental Protection 
Agency. (See also W90-09827) (Brunone-PTT) 
W90-09832 


LAND DISPOSAL OF HAZARDOUS WASTES. 
Texas Univ., Austin. Dept. of Civil Engineering. 
R. C. Loehr. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 365- 
439, 14 fig, 18 tab, 31 ref. 


Descriptors: *Hazardous waste disposal, *Land 
disposal, *Monitoring, *Waste disposal, *Water 
pollution control, Drainage systems, Environmen- 
tal protection, Groundwater pollution, Landfills, 
Runoff, Site selection. 


A sound, well-designed monitoring program is an 
integral part of any land disposal system for haz- 
ardous wastes. Such systems are designed, con- 
structed, and operated in an engineered, controlled 
manner to avoid contamination of surface and 
groundwaters and to avoid any adverse impacts on 
adjacent property and environment. Proper moni- 
toring will verify that the applied wastes are being 
contained or degraded and do not represent a 
public health or environmental threat. Reasonable 
approaches, suitable equipment, «ud analytical 
methods exist to develop the necessary monitoring 
program. It is equally important to analyze the 
monitoring data, to note trends that occur, and to 
identify and implement appropriate remedial action 
if adverse health or environmental effects begin to 
appear. Data from a monitoring program should be 
evaluated and used for better site operation and to 
verify or improve design procedures. Runoff must 
be diverted to avoid excess water entering the site, 
creating anaerobic or ponding conditions, increas- 
ing erosion, or increasing the quantity of contami- 
nated runoff that may require treatment. Runoff 
from the active portions of a site must be collected 
and, if determined to be a hazardous waste, must 
be managed as such. Water control is important at 
the land-treatment site because the site should be 
isolated hydrologically. Spillways should be vege- 
tated to prevent erosion and pond failure in the 
event of an overflow and, if possible, drain to 
another retention pond or to a land treatment 
subarea. A groundwater monitoring program 
should identify whether the landfill or land-treat- 
ment site complies with or violates the groundwat- 
er quality provisions of the facility’s permit. Un- 
saturated zone monitoring, collection and analysis 
of the percolate as it passes through the unsaturat- 
ed zone, can measure the concentration and type of 
contaminants moving toward the groundwater and 
provide early warning of potential problems. (See 
also W90-09827) (Brunone-PTT) 
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HAZARDOUS-WASTE LEACHATE MANAGE- 
MENT. 


Baker/TSA, Inc., Beaver, PA. 

A. J. Schuckrow, C. J. Touhill, and A. P. Pajak. 
IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 441- 
467, 10 fig, 6 tab, 8 ref. 


Descriptors: *Groundwater movement, *Hazard- 
ous waste disposal, *Leachates, *Percolation, 
*Waste management, *Wastewater treatment, 
*Water pollution control, Adsorption, Biological 
treatment, Chemical treatment, Flocculation, 
Liners, Organic compounds, Path of pollutants, 
Sedimentation, Site selection. 


Leachate generated by water percolating through 
a hazardous waste disposal site could contain sig- 
nificant concentrations of toxic chemicals. Proper 
leachate management is essential to avoid contami- 
nation of surrounding soil, groundwaters, and sur- 
face waters. The type of unit processes used for 
hazardous waste leachate treatment depend on 
leachate pollutant characteristics. Leachate treat- 
ment processes must deal with a broader spectrum 
of compounds than those listed in the Resource 
Conservation and Recovery Act as acutely hazard- 
ous, hazardous, or toxic. Leachate formation can 
be limited or controlled by with liners, covers and 
other liquid-diversion techniques. Effective collec- 
tion of leachate permits an equalizing and storage 
capability that will reduce overloading and avoid 
possible reduction in subsequent treatment process 
efficiency. Complete leachate treatment should 
provide an effluent suitable for discharge to sur- 
face water or groundwater. Factors involved in 
selecting a leachate treatment include limitations of 
time, the existence of a treatable leachate, the 
option of discharge, and the modification alterna- 
tives available. If leachates contain inorganic con- 
taminants, the treatment process includes chemical 
precipitation, flocculation, sedimentation, granular 
media filtration and, possibly, adsorption. Organic 
contaminants may be treated with biological treat- 
ment, followed by carbon sorption. (See also W90- 
09827) (Brunone-PTT) 

W90-09834 


HAZARDOUS-WASTE-MANAGEMENT FACIL- 
ITY SITING. 


Environmental Protection Agency, Washington, 
DC. 


M. Barclay. 

IN: Hazardous Waste Management Engineering, 
Van Nostrand Reinhold, New York. 1986. p 469- 
516, 2 fig, 1 tab, 1 ref, 2 append. 


Descriptors: *Hazardous waste disposal, *Site se- 
lection, *Storage requirements, *Waste disposal, 
*Waste management, Economic aspects, Informa- 
tion exchange, Permits, Public opinion, Public rela- 
tions, Regulations, Storage capacity. 


In 1976, Congress enacted the Resource Conserva- 
tion and Recovery Act (RCRA). The RCRA regu- 
latory control system includes regulations for gen- 
erators, transporters, and owner/operators of 
waste treatment, storage, and disposal facilities 
(TSDF). Ideally, the supply of TSDFs will simply 
expand to meet the demand. The waste manage- 
ment industry is unable to respond to the need for 
new TSDFs due to public opposition. The inability 
to site new facilities forces generators to rely upon 
landfills as their predominant means of waste dis- 
posal. In areas of the country with limited disposal 
capacity, capacity shortages may become worse 
and disposal costs will increase. The site developer 
attempts to obtain favorable operating permits, 
minimize permits costs, select sites with minimal 
engineering involved and near a market, select 
minimal-impact sites, cultivate a favorable image 
and manage opposition, and maintain corporate 
credibility. A developer must generate and dis- 
seminate information, monitor the effect of the 
information on the public, counter misconceptions 
and misstatements, diffuse or minimize hostility, 
and try to resolve differences. People tend to ask 
questions in public consultation hearings about 
waste handling, site planning concerns, such as the 
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appearance and security of the waste-handling fa- 
cility; health and environmental concerns, and 
policy concerns. (See also W90-09827) (Brunone- 


W90-09835 


GROUNDWATER MONITORING. 

Stollar (R.L.) and Associates, Santa Ana, CA. 
For primary bibliographic entry see Field 7A. 
W90-09842 


HYDROGEOCHEMICAL INTERACTIONS 
AND EVOLUTION OF ACIDIC SOLUTIONS IN 
SOIL. 

Weston (Roy F.), Inc., Albuquerque, NM. 

For primary bibliographic entry see Field 5B. 
W90-09858 


TRANSPORT OF CO2(14) IN UNSATURATED 
GLACIAL AND EOLIAN SEDIMENTS. 
Geological Survey, Denver, CO. 

For primary bibliographic entry see Field 5B. 
W90-09861 


GROUND-WATER LEVELS AND FLOW NEAR 
THE INDUSTRIAL EXCESS LANDFILL, UN- 
IONTOWN, OHIO. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09892 


ON-SITE WASTEWATER TREATMENT. 
For primary bibliographic entry see Field 5D. 
W90-09908 


FLORIDA’S ONSITE SEWAGE DISPOSAL 
SYSTEM (OSDS) RESEARCH PROJECT. 
Florida State Dept. of Health and Rehabilitative 
Services, Tallahassee. Environmental Health Pro- 
gram. 

For primary bibliographic entry see Field 5D. 
W90-09915 


REMOVAL MECHANISMS FOR PARTICU- 

LATE AND SOLUBLE BOD IN SOIL INFIL- 

TRATION. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 

Engineering. 

For primary bibliographic entry see Field 5D. 
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ESTABLISHMENT OF STATE RULES FOR 
LAND APPLICATION AND UTILIZATION OF 
SEPTAGE. 

Minnesota Univ., St. Paul. Dept. of Soil Science. 
For primary bibliographic entry see Field 6E. 
W90-09917 


HUMAN AND ANIMAL WASTES MIXED FOR 
DISPOSAL TO LAND: INACTIVATION OF VI- 
RUSES AND PARASITES IN A LABORATORY 
MODEL. 

Wisconsin Univ.-Madison. Food Research Inst. 

J. A. Snowdon, D. O. Cliver, and J. C. Converse. 
IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 94-101, 1 tab, 6 ref. 


Descriptors: *Land disposal, *Model studies, 
*Parasites, *Viruses, *Waste disposal, * Wastewater 
disposal, *Wastewater treatment, Domestic wastes, 
Farm wastes, Giardia, Protozoa, Public health, 
Septic tanks. 


Water serves as a suspending medium both for 
human and animal wastes. Disposal of human 
waste suspensions to land surfaces is likely to be 
prohibited or much more restricted than the sur- 
face disposal of animal wastes slurries, partly out 
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of concern for health. Animal waste slurries are 
commonly stored and can be discharged at select- 
ed, favorable times, whereas human waste suspen- 
sions may require frequent disposal regardless of 
unfavorable weather. These considerations led to 
the examination of potential health effects of 
mixing a human waste suspension (septic tank ef- 
fluent) with a dairy manure slurry for eventual 
disposal to land as animal waste. Mixed wastes, for 
purposes of the study, comprise 15% septic tank 
effluent and 85% dairy manure slurry. Pathogens 
in wastes were viruses, bacteria, and parasites 
(cysts of protozoa and eggs of worms). Model 
agents selected were a vaccine strain of poliovirus 
1, cysts of Giardia lamblia as a representative pro- 
tozoan, and eggs of Ascaris suum, a parasitic 
worm. The study revealed that at 15 C poliovirus 
1, Giardia lamblia cysts, and Ascaris suum eggs 
were all affected to a variable degree over time. 
These observations do not prove the safety of 
mixing septic tank effluent with dairy animal 
manure for eventual disposal to land surfaces, but 
they do show that some human infectious agents 
that might be present lose viability more rapidly in 
the mixed waste than in septic tank effluent or in 
water. It should be noted that the human effluent 
was processed in a septic tank, rather than being 
dealt with in raw wastewater. (See also W90- 
09908) (Lantz-PTT) 

W90-09920 


EVALUATION OF THE NTRM MODEL FOR 
LAND APPLICATION OF SEPTAGE. 

Minnesota Univ., St. Paul. Dept. of Agricultural 
Engineering. 

C. J. Clanton, D. C. Slack, and M. J. Shaffer. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 102-113, 9 fig, 4 ref. 
Minnesota Agricultural Experiment Station 
Project No. 62. 


Descriptors: *Land disposal, *Model studies, 
*Wastewater disposal, *Wastewater treatment, 
Crop production, Evaporation, Infiltration, Ni- 
trates, Nitrogen, Nitrogen Tillage Residue Man- 
agement Mode, Organic matter, Soil properties, 
Soil temperature, Soil water, Transpiration. 


A study was conducted to test the validity of the 
Nitrogen Tillage Residue Management (NTRM) 
model for land application of wastewater. An ex- 
periment was designed to verify the model for its 
adaptability to land application of wastewater. 
Major computational submodels included soil tem- 
perature, unsaturated flow, infiltration, transpira- 
tion, evaporation, chemical equilibria, salt trans- 
port, crop nutrient uptake, crop growth and root 
growth. The NTRM model contains two different 
nitrogen transformation submodels. The Molina 
submodel is more detailed and less empirical than 
the Shaffer submodel in the areas of crop residue 
and soil organic matter transformation. The 
Shaffer submodel does not consider denitrification. 
The Molina submodel can also incorporate a N-15 
tracer. The study suggests that the NTRM model 
is a favorable tool for predicting moisture move- 
ment and nitrate concentrations from land applied 
septage in coarse-textured soils. (See also W90- 
09908) (Lantz-PTT) 

W90-09921 


DESIGN, INSTALLATION, AND OPERATION 
OF A LOW-PRESSURE PIPE SEWAGE AB- 
SORPTION SYSTEM IN THE MISSOURI 
CLAYPAN SOIL. 

Missouri Univ.-Columbia. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09922 


LEIGH LABORATORY EVAPO-TRANSPIRA- 
TION SYSTEM. 

Auckland Univ. (New Zealand). Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09923 


ONSITE BATCH RECIRCULATION BOTTOM 
ASH FILTER PERFORMANCE. 

CH2M Hill, Inc., Gainesville, FL. 

For primary bibliographic entry see Field 5D. 
W90-09924 


SUMMARY OF A 5-YEAR MONITORING 
EFFORT ON ALTERNATIVE SYSTEMS IN IN- 
DIANA. 

Purdue Univ., Lafayette, IN. Dept. of Agronomy. 
For primary bibliographic entry see Field 5D. 
W90-09925 


EVALUATION OF NITROGEN REMOVAL 
SYSTEMS FOR ON-SITE SEWAGE DISPOSAL. 
For primary bibliographic entry see Field 5D. 
W90-09926 


WISCONSIN AT-GRADE SOIL ABSORPTION 

SYSTEM FOR SEPTIC TANK EFFLUENT. 

Wisconsin Univ.-Madison. Dept. of Agricultural 

Engineering. 

For primary bibliographic entry see Field SD. 
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SIPHON PERFORMANCE AND PRESSURE 
DISTRIBUTION FOR ON-SITE SYSTEMS. 
Wisconsin Univ.-Madison. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09930 


COMPARISON OF PARALLEL AND SERIAL 
DISTRIBUTION OF SEPTIC TANK EFFLU- 
ENT. . 

Knox County Highway Dept., Knoxville, TN. 
Div. of Engineering and Hydrology. 

For primary bibliographic entry see Field 5D. 
W90-09931 


MATHEMATICAL MODEL TO PREDICT ORI- 
FICE PLUGGING IN A LOW-PRESSURE DIS- 
TRIBUTION SYSTEM. 

Arkansas Univ., Fayetteville. 

For primary bibliographic entry see Field 5D. 
W90-09932 


FLOW DISTRIBUTION BY GRAVITY FLOW 
IN PERFORATED PIPE. 

Minnesota Univ., St. Paul. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09933 


HYDRAULIC LOADING RATES FOR SOIL 
ABSORPTION SYSTEMS BASED ON 
WASTEWATER QUALITY. 

Ayres Associates, Madison, WI. 

For primary bibliographic entry see Field 5D. 
W90-09934 


LONG-TERM PERFORMANCE OF A PRES- 
SURE DOSED SEPTIC TANK FILTER FIELD. 
Arkansas Dept. of Health, Little Rock. 

For primary bibliographic entry see Field 5D. 
W90-09936 


GROUND WATER MODELING WITH UNCER- 
TAINTY ANALYSIS TO ASSESS THE CON- 
TAMINATION POTENTIAL FROM ONSITE 
SEWAGE DISPOSAL SYSTEMS (OSDS) IN 
FLORIDA. 

RSE Group, Tampa, FL. 

For primary bibliographic entry see Field 5B. 
W90-09937 


CONTRIBUTION OF SELECTED TOXIC 
CHEMICALS TO GROUNDWATER FROM DO- 
MESTIC ON-SITE SEWAGE DISPOSAL SYS- 
TEMS. 

Connecticut Univ., Storrs. Dept. of Agricultural 
Engineering. 


For primary bibliographic entry see Field SB. 
W90-09938 


VOLATILE ORGANIC COMPOUNDS (VOCS) 
IN SMALL COMMUNITY WASTEWATER DIS- 
POSAL SYSTEMS USING SOIL ABSORPTION. 
Wisconsin Univ., Madison. Dept. of Civil and En- 
vironmental Engineering. 

For primary bibliographic entry see Field 5B. 
W90-09939 


ANALYSIS OF GROUND WATER RECHARGE 
SOLUTIONS FOR ON-SITE DISPOSAL SYS- 
TEMS. 

Louisiana Tech Univ., Ruston. Dept. of Civil En- 
gineering. 

D. M. Griffin, and R. O. Warrington. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, IIli- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 294-308, 14 fig, 1 tab. 


Descriptors: *Groundwater pollution, *Ground- 
water recharge, *Mathematical analysis, *On-site 
wastewater treatment, *Wastewater disposal, Infil- 
tration, Mathematical equations, Mounds, North 
Dakota, Rural areas, Wastewater treatment. 


In the design of waste treatment lagoons and large 
sewage disposal fields, one parameter which has 
received relatively little attention is the extent to 
which groundwater mounding occurs beneath 
such facilities. The importance of mound formation 
as it relates to waste treatment by septic systems 
and possible groundwater contamination indicates 
that excessive groundwater mounding beneath a 
leaking waste treatment lagoon in rural North 
Dakota adversely affected the productivity of a 
significant amount of adjacent agricultural land. 
Three analytical solutions which predict the shape 
and growth of mounds created as a result of re- 
charge from circular or rectangular infiltration 
areas to infinite aquifers have been published and 
present a numerical solution for the same problem. 
Solutions for circular infiltration areas were devel- 
oped, and an attempt made to predict mound 
height and mound extent as well as ease of use. 
Values obtained from the mathematical analyses 
produce maximum mound heights equal to those 
predicted by the infinite aquifer theory of Hantush 
while requiring a minimum of computation time. 
However, for the small mounds the solutions are 
not very sensitive to these parameters. Failure to 
recognize that the rates of convergence are re- 
duced by slope values substantially larger than 200 
will result in significant errors in mound height at 
long infiltration times and for large infiltration 
areas. (See also W90-09908) (Author’s abstract) 
(Lantz-PTT) 

W90-09940 


PREDICTING THE GROUNDWATER FLOW 
FIELD UNDER LARGE SOIL ABSORPTION 
SYSTEMS USING A SIMPLE TWO-DIMEN- 
SIONAL, ANALYTICAL MODEL. 

Minnesota Pollution Control Agency, Roseville. 
For primary bibliographic entry see Field 2F. 
W90-09941 


DETERMINATION OF A SITE’S HYDRAULIC 
CAPACITY. 

Lombardo and Associates, Inc., Annapolis, MD. 
M. J. Hampton, P. S. Lombardo, and D. B. Wile. 
IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, Illi- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. _— Michigan. 1985. p 338-345, 3 fig, 2 tab, 
4 ref. 


Descriptors: *Hydraulic 
wastewater treatment, ‘*Soil disposal fields, 
*Wastewater disposal, *Wastewater treatment, 
Anne Arundel County, Disinfection, Filtration, 
Groundwater quality, Land disposal, Maryland, 


properties, *On-site 





Monitoring, Sand filters, Wastewater management, 
Water quality, Wetlands. 


A study was conducted to determine the hydraulic 
capacity of a 26 acre site for a leach field serving 
79 existing and 180 planned residences in the Glebe 
Heights area of the Mayo Peninsula in Anne Arun- 
del Couniy, Maryland, are presented. The Glebe 
Heights site has been selected for a wastewater 
management system that includes individual on-site 
systems, a septic tank effluent collection system, a 
MGD sand filter/wetlands/UV disinfection 
reclamation facility, and a Glebe Heights commu- 
nal leach field. The selection was based on topog- 
raphy, soils, development and land use. The Nanje- 
moy formation, located approximately 9.14 m be- 
neath the surface is the limiting layer for vertical 
flow. Once the Glebe Heights facility becomes 
operational, groundwater levels will be monitored 
to confirm capacity estimates. (See also W90- 
09908) (Lantz-PTT) 
W90-09944 


COMPARATIVE STUDY OF THREE SOIL AB- 
SORPTION TRENCH DESIGNS INSTALLED 
IN AN ILLINOIAN TILL SOIL, 

Virginia State Dept. of Health, Richmond. Bureau 
of Sewage and Water. 

For primary bibliographic entry see Field 5D. 
W90-09945 


HYDRAULIC PROPERTIES OF SOILS AS AF- 

FECTED BY SURFACE APPLICATION OF 

SEPTAGE. 

Minnesota Univ., St. Paul. Dept. of Agricultural 

Engineering. 

C. J. Clanton, and D. C. Slack. 

IN: On-Site Wastewater Treatment. Proceedings 

of the Fifth National Symposium on Individual and 

Small Community Sewage Systems, Chicago, IIli- 

nois, December 14-15, 1987. ASAE Publication 10- 

87. American Society of Agricultural Engineers, 

= —_—_ Michigan. 1985. p 356-365, 6 fig, 3 tab, 
ref. 


Descriptors: *Hydraulic properties, *Land dispos- 
al, *Wastewater disposal, *Wastewater treatment, 
Clays, Hydraulic conductivity, Loam, Model stud- 
ies, Pipes, Sand, Soil properties, Soil types. 


A study was conducted to determine the hydraulic 
effects of intermittent septage application on a soil 
surface over an extended length of time. The spe- 
cific objective was to develop a predictive model 
to describe the change of hydraulic conductivity of 
the seal layer based on the physical nature of 
septage, characteristics of the soil and time from 
initial application. Lester clay loam, Waukegan silt 
loam and Hubbard loamy sand soils were utilized. 
Tubes were constructed using polyvinyl chloride 
(PVC) pipe measuring 10.2 cm in diameter and 20 
cm in height for the clay loam and loamy sand. 
Since the silt loam conductivity was small, a 75-cm 
tube was used to increase hydraulic head. Dis- 
turbed soil was packed to a 15-cm depth at bulk 
densities of 1.42, 1.34 and 1.59 g/cu cm for clay 
loam, silt loam and loamy sand. For the Lester 
clay loam and Waukegan silt loam, saturated con- 
ductivities of the soils were less than the saturated 
conductivities of the septage seal. This indicates 
that saturated conductivity of the seal has a mini- 
mum value of approximately 0.28 cm/hr, or that 
the seal was surficial and separated with water 
application. In Hubbard loamy sand, an immediate 
seal was formed due to the application of septage. 
The saturated conductivity continued to decrease 
for the 12-week period during the first septage 
application. When septage application was termi- 
nated, an immediate increase in the saturated con- 
ductivity occurred. This indicates sealing is affect- 
ed by characteristics of septage during each appli- 
cation rather than a buildup of organic matter on 
the surface. Following the end of septage applica- 
tion, the saturated conductivity became greater 
than in a normal soil, indicating probable improve- 
ment in hydraulic properties. (See also W90-09908) 
(Lantz-PTT) 

W90-09946 


NUMERICAL CLASSIFICATION SYSTEM TO 
DETERMINE OVERALL SITE SUITABILITY 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Ultimate Disposal Of Wastes—Group 5E 


ag SUBSURFACE WASTEWATER DISPOS- 


Maine Dept. of Human Services, Augusta. 

D. C. Hoxie, R. G. Martin, and D. P. Rocque. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, Illi- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 369-374, 2 fig, 6 tab. 


Descriptors: *Classification, *Maine, *Site selec- 
tion, *Soil disposal fields, *Soil treatment, 
*Wastewater disposal, *Wastewater treatment, 
Community development, Loam, Sand, Soil prop- 
erties, Soil types. 


The Maine system for site evaluation for subsur- 
face wastewater disposal is based on identification 
and description of the soils using the U.S. Depart- 
ment of Agriculture classification terminology. 
Parent material and texture determine the 
wastewater application rate and the depth to sea- 
sonal high water table (SHWT), impervious layer 
or bedrock determines the elevation of the bottom 
of the disposal field and the suitability or unsuitabi- 
lity of the property. Undeveloped properties with 
< 15 in of original soil above the limiting factor 
are considered unsuitable for any form of subsur- 
face wastewater disposal. The U.S. Soil Conserva- 
tion Service rates 93% of Maine soils as having 
‘severe’ limitations for subsurface disposal with < 
2% rated as having ‘slight’ limitations. Because of 
the diminishing number of sites with ‘unsuitable 
soils’ and the belief that other site characteristics 
should be taken into consideration the Department 
developed to the New System Variance procedure. 
This procedure assigns points to various site and 
system design characteristics and sets a minimum 
passing score of 50 points, with 65 points required 
for properties in Shoreland Zoning areas, and 75 
points for lots in proposed subdivisions. Properties 
not meeting the requirement of original soil over 
limiting factor are judged by this system. In re- 
sponse to the increase in the number of new system 
variances a point classification system is to be used 
for all properties. This system would base the 
suitability for building on an assessment of the 
overall site instead of a single parameter--the depth 
of original soil to limiting factor--and would incor- 
porate all the current approved new system var- 
iances as systems in full compliance with the rules. 
Minimum point totals would be established for 
individual lots (65 pts), subdivision (70 pts), shore- 
land lots (75 pts), and sand and gravel aquifers (80 
pts). (See also W90-09908) (Lantz-PTT) 
W90-09947 


CLIMATE AS A FACTOR IN SITING SEPTIC 
TANK FILTER FIELDS. 

Arkansas Univ., Fayetteville. Dept. of Agronomy. 
For primary bibliographic entry see Field 5D. 
W90-09948 


EVALUATION OF FLORIDA SOILS FOR ON- 
SITE SEWAGE DISPOSAL SYSTEMS. 

Florida Univ., Gainesville. Dept. of Soil Science. 
For primary bibliographic entry see Field 5D. 
W90-09949 


RECOMMENDED SEPTIC TANK EFFLUENT 
LOADING RATES FOR FINE-TEXTURED, 
STRUCTURED SOILS WITH FLOW RESTRIC- 
TIONS. 

Simon and Associates, Inc., Blacksburg, VA. 

For primary bibliographic entry see Field 5D. 
W90-09950 


DEPARTMENT OF DEFENSE INSTALLATION 
RESTORATION PROGRAM: REMEDIAL 
ACTION ON WASTE DISPOSAL SITES (OCT 
80 - OCT 89). 

National Technical Information Service, Spring- 
field, VA 

For primary bibliographic entry see Field 5G. 
W90-10037 


DEEP WELL DISPOSAL (JAN 76 - MAY 839). 


National Technical Information Service, Spring- 
field, VA 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-862023. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 165p. 


Descriptors: *Bibliographies, *Deep wells, *Dis- 
posal wells, *Waste disposal, Environmental pro- 
tection, Geohydrology, Injection wells, Microbial 
degradation, Organic wastes, Path of pollutants, 
Radioactive wastes, Radioisotopes, Regulations. 


This bibliography contains citations concerning 
deep well disposal technology, including deep geo- 
logic, deep rock, and deep shaft repositories. Waste 
disposals treated are radioactive, chemical and 
geopressured. Regulations, environmental protec- 
tion, risk and safety analysis, fluid and radionuclide 
migration are discussed. Research work on micro- 
bial decomposition of organic waste in deep wells 
is mentioned. (This updated bibliography contains 
263 citations, 16 of which are new entries to the 
previous edition). (Author’s abstract) 

W90-10055 


SEWAGE SLUDGE PRETREATMENT AND 
DISPOSAL (MAR 88 - APR 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90- 10066 


LINERS FOR WASTE DISPOSAL AND WASTE 
STORAGE FACILITIES (JAN 76 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-859938. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
April 1988. 142p. 


Descriptors: *Bibliographies, *Liners, *Materials 
testing, *Waste disposal, *Waste storage, Hazard- 
ous wastes, Mine wastes, Radioactive wastes, Ura- 
nium. 


This bibliography contains citations concerning the 
design, characteristics, and performance of various 
types of liners employed in the disposal and stor- 
age of a variety of hazardous and non-hazardous 
wastes. Special attention is given to uranium tail- 
ings and radioactive wastes. Descriptions of specif- 
ic facilities are also considered. (This updated bibli- 
ography contains 219 citations, 15 of which are 
new entries to the previous edition). (Author’s 
abstract) 

W90-10067 


PROTECTION OF WATER RESOURCES 
FROM OIL AND GAS PRODUCED WATER 
DISPOSAL. 

Bureau of Land Management, Denver, CO. Colo- 
rado State Office. 

For primary bibliographic entry see Field 5G. 
W90-10077 


MANAGING DRILLING WASTES 
NORTHERN ENVIRONMENT. 
Alaska State Dept. of Environmental Conserva- 
tion, Anchorage. 

D. L. Wilkerson, and B. Fristoe. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 501-508. 19 
ref. 


IN A 


Descriptors: *Alaska, *Arctic zone, *Hydrocar- 
bons, *Oil industry, *Oil wastes, *Regulations, 
*Waste disposal, Drilling, Leachates, Liners, Re- 
sources management, Underground waste disposal, 
Water pollution prevention. 


The management of waste disposal in the northern 
environment presents a challenge to industry and 
resource managers to minimize environmental risk. 
Until recently, waste disposal as generally prac- 
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ticed by the oil and gas industry in the two major 
production areas in Alaska (Cook Inlet and North 
Slope), often amounted to leaching or directly 
disposing drilling wastes into the environment. 
There are several major reasons such practices are 
no longer acceptable. The decay curve for wastes 
is considerably increased in northern latitudes; 
drilling depths are generally much greater, increas- 
ing the waste volume; and the use of potentially 
toxic additives is frequently involved to enhance 
drilling at increased depths. Beginning in 1982 a 
study was conducted of oil and gas waste disposal 
practices in Alaska, and in other areas. In other 
regions, e.g. Canada, the Gulf Coast, the Rocky 
Mountains Overthrust, industry and resource man- 
agers have been applying a variety of improved 
techniques to control waste disposal, as reduced 
water use, treatment of fluid wastes, reinjection to 
formation, controlling additives, lining of waste 
pits, containment and reclamation or removal of 
wastes. With a mandate to minimize potential for 
surface and groundwater contamination, a process 
was initiated to develop new management controls. 
That effort led to the development, in consultation 
with industry and other interest groups, of a new 
regulatory approach to managing oil and gas waste 
disposal practices. The design of that program has 
had to be reconciled with available agency re- 
sources and the logistics of resource exploration 
and development across a land mass of some 
586,000 square miles. (See also W90-10068) (Au- 
thor’s abstract) 

W90-10101 


SAND-BENTONITE LINERS: FIELD CON- 
TROL METHODS. 

Ecole Polytechnique, Montreal (Quebec). 

For primary bibliographic entry see Field 5G. 
W90-10173 


WATER BALANCE STUDY OF TWO LAND- 
FILL COVER DESIGNS FOR SEMIARID RE- 
GIONS. 

Los Alamos National Lab., NM. Environmental 
Science Group. 

J. W. Nyhan, T. E. Hakonson, and B. J. Drennon. 
Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 281-288, April/June 1990. 8 fig, 2 tab, 
33 ref. 


Descriptors: *Erosion control, *Hydrologic 
budget, *Landfill covers, *Landfills, *Semiarid 
lands, *Water quality control, Evapotranspiration, 
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The results of field experiments on methods to 
control soil erosion, biointrusion, and water infil- 
tration were used to design and test an enhanced 
landfill cover at Los Alamos, New Mexico. The 
performance of the improved cover design in man- 
aging water and biota at the disposal site was 
compared for 3 years with that obtained from a 
conventional design. Rainfall was above average 
for this period. This conventional cover design 
consisted of 20 cm of sandy loam topsoil over 108 
cm of a sandy silt backfill. The improved design 
consisted of 71 cm of topsoil over a minimum of 46 
cm of gravel, 91 cm of river cobble, and 38 cm of 
sandy silt backfill. Each plot was lined with an 
impermeable liner to allow for mass balance calcu- 
lation of water dynamics. The improved design 
reduced percolation of water through the landfill 
cover by a factor of >4 over the conventional 
design. This was attributed to increased evapotran- 
spiration from the enhanced plant cover and the 
effect of a capillary barrier which diverted water 
laterally in the cover. Other advantages of the 
improved cover were the barrier to plant roots 
produced by the gravel-cobble layer, preventing 
wastes from being translocated to the surface and 
removal of snowmelt by drains at the base of the 
coarse-grained layer. (Cassar-PTT) 
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TION OF GAS WELL BRINE ON FOREST 
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Pennsylvania State Univ., University Park. School 
of Forest Resources. 
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Gas well brine was applied to forest land at load- 
ing rates of 1.52, 0.69, and 0.17 kg Cl/sq m of 
ground surface in November 1985 to test the feasi- 
bility of one-time, dormant season brine applica- 
tions on Pennsylvania forest land. The number and 
species of woody and herbaceous plants on the 
treated plots and adjacent control plot were meas- 
ured in July 1985 and July 1986. Both pan and 
suction lysimeters were used to follow changes in 
macropore and micropore soil water chemistry, 
respectively, at 70-cm soil depths. Little mortality 
of overstory trees occurred in any of the treat- 
ments, but the number of understory red maple and 
flowering dogwood saplings was reduced 30 to 
40% on the plot receiving 1.52 kg Cl/sq m. Sever- 
al species of herbaceous plants were also eliminat- 
ed from all treated plots; however, the majority of 
understory woody and herbaceous plants survived. 
Chloride, Ba, Pb, As, SE, and Cd were found in 
soil water at 70-cm depths at concentrations ex- 
ceeding Safe Drinking Water Act limits immedi- 
ately after brine application. Concentrations of ele- 
ments in macropore soil water declined to safe 
levels within 3 months of treatment, except for Se. 
Micropore soil water, extracted under negative 
pressures, remained at or slightly above Safe 
Drinking Water Act limits for As, Se, Ba, and Cd 8 
months after treatment. Mobility of Pb and Cd in 
the soil appeared to be enhanced by complexation 
of these metals with Cl in the brine. (Author’s 
abstract) 
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SEWAGE SLUDGE EFFECTS ON SOIL AND 
PLANT QUALITY IN A DEGRADED, SEMI- 
ARID GRASSLAND. 
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Journal of Environmental Quality JEVQAA, Vol. 
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Dried, anaerobically digested sewage sludge was 
applied as a soil amendment (at 22.5, 45, and 90 
Mg/ha) to a degraded semiarid grassland site to 
determine the effects of sludge on soil chemical 
and heavy metal properties, and vegetative yields 
and quality over two growing seasons. Most nutri- 
ents, including soil N, P, and K, increased linearly 
as a result of sludge amendment. Soil pH decreased 
linearly from 7.8 to 7.4 with the application of 
sludge after the second growing season, but did not 
significantly increase the solubility of soil heavy 
metals (Pb and Cd). The levels of DTPA-extracta- 
ble soil micronutrients (Cu, Mn, Zn, etc.) increased 
linearly with sludge rates to levels recommended 
for adequate plant growth. Total herbaceous plant 
yields increased significantly with sludge amend- 
ment, particularly at the 45 Mg/ha application 
rate, as compared with the control. Blue grama 
yields increased twofold to threefold in amended 
plots over the unamended control after two grow- 
ing seasons. The forage quality of blue grama, 
galleta, and bottlebrush squirreltail improved sig- 
nificantly as the levels of tissue N, FP, and K and 
crude protein increased linearly with sludge appli- 
cation. Levels of Cd and Pb in all plant tissues did 
not increase significantly as a result of sludge 
amendment. All trace elements increased to ac- 
ceptable levels in deficient plant tissues. The 45 


Mg/ha application rate gave the most favorable 
soil and vegetation results. (Author’s abstract) 
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CADMIUM BUFFERING CAPACITY AND AC- 
CUMULATION IN SWISS CHARD IN SOME 
SLUDGE-AMENDED SOILS. 
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S. Kuo. 
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Cadmium sorption by soils could be an important 
factor regulating the plant availability of soil Cd. 
Five soils containing varying amounts of Cd result- 
ing from previous sludge application were ana- 
lyzed for residual Cd availability under field condi- 
tions using Swiss chard (Beta vulgaris L.) as an 
indicator plant. The Cd accumulation was not 
highly correlated with DTPA (diethylene-tria- 
mine-pentaacetic acid)-extractable Cd. This result 
may be explained by a dissimilar response of plant 
Cd and DTPA Cd to soil pH. However, DTPA 
extracted 50 to 75% of sorbed Cd, depending on 
soil type. The recovery was little affected by the 
quantity of Cd sorbed. As such, DTPA Cd could 
be used to predict Cd accumulation by converting 
it to the quantity of Cd sorbed (Cd-s). The Cd-s 
was combined with the pH-dependent Cd buffer- 
ing capacity (BC) to obtain Cd-s/BC, an intensity 
factor for soil Cd. The buffering capacity is de- 
fined as the slope of the Cd-sorption isotherm. The 
Cd-s/BC and plant Cd were highly correlated over 
all the soils, using the Michaelis-Menten equation 
as a model. (Author’s abstract) 
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hydrology, Groundwater basins, Model studies, 
Path of pollutants, Rock mechanics. 


The regulatory requirements established by the 
U.S. Nuclear Regulatory Commission (NRC), the 
Environmental Protection Agency (EPA), and the 
U.S. Department of Energy (DOE) require that 
performance assessment analysis consider the un- 
certainty associated with the predictions of per- 
formance of a geologic repository for high-level 
nuclear waste. The uncertainty in performance 
predictions has several sources including: (1) Sys- 
tematic and random error measurement, (2) Spatial 
variations in geologic parameters, (3) Conceptual 
model uncertainties relative to geometrical con- 
figurations, major features, and boundary condi- 
tions, (4) Physiochemical process modeling, and 
(5) Future states of nature. If the sources of uncer- 
tainty can be quantified, then the confidence in the 
performance assessment results can also be quanti- 
fied. These types of uncertainty are not necessarily 
listed in order of importance, because the order 
may vary depending on the site. Some of these 
uncertainties may be reduced by taking appropri- 
ate measures. For example, use of more precise, 
better calibrated instruments can reduce measure- 
ment error. Other uncertainties, such as the spatial 
variations in geologic parameters, are inherent 
properties of a natural system. Such uncertainties 
cannot be reduced, but additional data may better 
specify spatial distributions of parameters. The 
sources of uncertainty in performance assessment 
analyses and the role that sensitivity and uncertain- 
ty methods play in the DOE’s effort to develop 
and license a nuclear waste repository in a geolog- 
ic medium were studied in relation to groundwater 
movement and radionuclide transport analyses. 
Methods for quantifying uncertainty were applied 
primarily for uncertainties arising from spatial vari- 
ability, and to a lesser degree alternative conceptu- 
al models. (See also W90-10404) (Author’s ab- 
stract) 
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The Canadian Nuclear Fuel Waste Management 
Program is currently assessing the concept of dis- 
posing of nuclear fuel waste in a vault 500 m to 
1000 m deep within plutonic rock in the Canadian 
Shield. The detailed geosphere modeling efforts at 
Atomic Energy of Canada Limited (AECL) and 
supporting fundamental research by AECL, Ontar- 
io Hydro, universities and private consultants were 
analyzed using the following methods: (1) the 
mathematical and numerical formulations in the 
three-dimensional finite-element code, MOTIF, de- 
veloped by AECL for modeling coupled ground- 
water flow, heat transport, and contaminant trans- 
port in fractured porous media; (2) verification and 
validation studies; (3) application of the code to 
simulate the migration of inert contaminants from a 
hypothetical nuclear waste vault in a conceptual 
geosphere model constructed from extrapolation of 
field data; and (4) the connection between the 
detailed geosphere model and a simplified one- 
dimensional network submodel for the system vari- 
ability analysis code (SYVAC). The conceptual 
model inherent to the formulation employed in the 
MOTIF code for application to fractured/porous 
media is that the rock body being stimulated either 
contains a large enough number of fractures to be 
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represented on the average as heterogeneous 
porous media, or else there are so few fractures 
that they can be either neglected or simulated 
explicitly by special finite elements. From the re- 
sults of MOTIF flow simulations, particle tracking, 
and MOTIF transport simulations, a simplified 
SYVAC geosphere submodel was constructed. 
The geometry of the network and the groundwater 
flow velocity in each segment was determined by 
interpretation of the output of the MOTIF finite- 
element models. Two options are available: (1) the 
average groundwater flow velocity for each seg- 
ment can be calculated from the appropriate ele- 
ment velocities output by the MOTIF runs and 
read into the SYVAC submodel; or (2) the nodal 
head values obtained from the MOTIF runs can be 
input into the submodel, which then calculates the 
average velocity for each segment. (See also W90- 
10404) (Chonka-PTT) 
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The most plausible scenario for release of radionu- 
clides from a geologic repository is by transport in 
moving ground-water. Accordingly, modeling of 
ground-water flow plays an important role in 
Swiss performance assessment work. Modeling 
takes place at different scales, beginning at a re- 
gional scale which gives boundary conditions for a 
smaller local-scale model. At the repository scale, 
a third model is being used to study the influence 
of major hydraulic discontinuities near the reposi- 
tory. A fourth model finally describes the fine- 
scale flow in individual water-bearing features 
which are most important for radionuclide trans- 
port in the geosphere. Sensitivity of model param- 
eters and approaches to treat uncertainties are dif- 
ferent for the various scales. Main sources of un- 
certainty are: (1) incomplete available data about 
the spatial distribution of hydrogeologic param- 
eters and (2) measurement/interpretation errors. 
Significant effort has already been involved in 
understanding and quantifying uncertainty in re- 
sults of hydraulic testing, and increasing attention 
is being focused upon the problem of the incom- 
pleteness of data. Efforts are under way to better 
quantify both types of uncertainties. Ultimately the 
methods proposed should allow one to link field 
data uncertainty and incomplete information to the 
uncertainty of hydrodynamic input parameters for 
radionuclide transport calculations. The methodol- 
ogy is being tested within the international project 
HYDROCOIN. Other considerations are the 
impact of hydrologic uncertainty upon the ongo- 
ing and planned site characterization work as well 
as associated research and development needs of 
the Swiss program. (See also W90-10404) (Au- 
thor’s abstract) 
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REGULATORY PERSPECTIVES OF CONCEPT 
ASSESSMENT. 

Atomic Energy Control Board, Ottawa (Ontario). 
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The Atomic Energy Control Board is the lead 
agency for the regulatory review of the Assess- 
ment of the Canadian Concept for Nuclear Fuel 
Waste Disposal being done by Atomic Energy of 
Canada Limited and Ontario Hydro. The Concept 
Assessment could demonstrate the feasibility of a 
disposal system conforming to regulatory require- 
ments. The long-term aspects of Concept Assess- 
ment encourage the use of various predictive tech- 
niques for different time scales. Each technique 
will have a different potential for establishing con- 
fidence in the predictions. The predicted perform- 
ance of a facility during operation should have a 
very high confidence, as it can be based on stand- 
ard engineering calculations and the predictions 
can be validated later by monitoring during oper- 
ations. The predictions of the transient period fol- 
lowing closure of the facility should achieve a 
medium level of confidence, since they can be 
based on extrapolations of predictions of operation- 
al performance, using models that can be calibrated 
with monitoring data and with averaged input data 
derived from natural analogue studies. Predictions 
based on fundamental processes will have a 
medium level of confidence when made to inter- 
mediated times after closure. Long-term predic- 
tions using generic or typical input data or Monte 
Carlo calculations of simplified models will have 
the least confidence, and yet they can still contrib- 
ute to the confidence that the disposal concept will 
conform to regulatory requirements. (See also 
W90-10404) (Author’s abstract) 
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The current National Civilian Radioactive Waste 
Management Program to select a mined geologic 
repository will likely require the extensive use of 
probabilistic techniques to quantify uncertainty in 
predictions of repository isolation performance. 
Performance of nonhomogeneous, geologic, hy- 
drologic, and chemical systems must be predicted 
over time frames of thousands of years and there- 
fore will likely contain significant uncertainty. A 
qualitative assessment of our limited ability to in- 
terrogate the site in a nondestructive manner cou- 
pled with the early stage of development in the 
pertinent geosciences support this statement. The 
success of the approach to incorporate what cur- 
rently appears to be an appreciable element of 
uncertainty into the predictions of repository per- 
formance will play an important role in acquiring a 
license to operate and in establishing the level of 
safety associated with the concept of long-term 
geologic storage of nuclear waste. The decision to 
quantify significant sources of uncertainties has had 
a major impact on the direction of the site charac- 
terization program at the Hanford Site along the 
Columbia River in Washington State. The direc- 
tion of the evaluation of uncertainty at Hanford, 
the approach being followed, and potential prob- 
lems may be summarized as follows: (1) The Basalt 
Waste Isolation Project is committed to quantify- 
ing as much of the uncertainty in long-term predic- 
tions of performance as is practicable. There is 
legislative precedent to do so, and the nature of the 
questions needing resolution compel such an ap- 
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proach. (2) Future expansion of this portion of the 
analytical effort beyond the current level will be 
limited. (3) The expected field and laboratory data 
base will not be sufficient to completely satisfy the 
analytical needs of model validation. Some novel 
solutions are needed. (4) Formal probability encod- 
ing techniques will be needed to ‘quantify’ expert 
judgement and to fill the gap between available 
field and laboratory data and analytical needs. (See 
also W90-10404) (Chonka-PTT) 
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The Whiteshell Geosphere Conceptual Model was 
assembled as a basis for two and three-dimensional 
simulations to predict water flows from a hypo- 
thetical nuclear waste vault. The conceptual model 
is consistent with surface and subsurface geologi- 
cal, geophysical, and hydrogeological data from 
the granite batholith and surrounding country rock 
that comprise the Whiteshell Research Area in 
southeastern Manitoba, Canada. The MOTIF 
finite-element code was applied to simulate the 
coupled processes of groundwater flow and heat 
transport. Convective transport of inert contami- 
nants from a hypothetical nuclear fuel waste vault, 
through the geosphere to the biosphere was simu- 
lated using a particle-tracking technique. Hydrau- 
lic properties of the elements of the intersection of 
a major fracture zone with the hypothetical vault 
were changed to represent the effect of grouting. 
There are both qualitative and quantitative differ- 
ences between the results of 2-D and 3-D models. 
In a 2-D model, topological or topographical fea- 
tures that are outside the section cannot be proper- 
ly represented. The convergence effect where 
groundwater converges in a fracture around the 
grout area requires study in three dimensions. Fi- 
nally, discharge areas can be calculated only by 
using 3-D models. When a large number of runs 
are necessary, such as in parameter sensitivity and 
system variability studies, 2-D models are useful 
because they are cheaper to run and simpler to 
interpret. (See also W90-10404) (Chonka-PTT) 
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DEVELOPMENT OF A METHODOLOGY OF 
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Regulatory and engineering performance criteria 
for the siting and design of underground nuclear 
water repositories in North American require the 
use of probabilistic concepts to take into account 
uncertainties associated with the hydrogeologic 
environment. Probabilistic calculations are needed 
at the siting stage to estimate pre-emplacement 
groundwater travel times and potential radionu- 
clide flux rates, and at the design stage to assess the 
risk associated with alternative design options. To 
carry out these calculations, hydrogeologists are 
applying geostatistical models and stochastic simu- 
lation methods originally developed to asses piezo- 
metric response in near-surface unconsolidated 
aquifers over limited spatial distances and short 
timeframes with relatively abundant data. The un- 
certainties associated with the transfer of this tech- 
nology to the assessment of advective transport in 
deep rock formations over large distances and long 
timeframes under conditions of sparse data avail- 
ability were studied. Attention was directed pri- 
marily to the 1,000-year groundwater travel time 
regulatory criterion. A Bayesian geostatistical 
methodology for calculating the probability of 
meeting this criterion was assessed, in terms of 
both its conceptual strengths and its operational 
weaknesses. Issues of special concern revolve 
around (1) the appropriateness of the Bayesian 
approach, (2) problems associated with inverse 
calibration procedures, (3) identification of trends 
and zonations in hydraulic conductivity, and (4) 
problems associated with small-sample statistics. 
The last of these may affect (1) testing the hypoth- 
esis of a lognormal distribution for hydraulic con- 
ductivity, (2) testing for stationarity, (3) determin- 
ing the form and parameter values for the autocor- 
relation function, (4) identifying the existence of 
embedded structures, (5) obtaining a significant 
degree of uncertainty reduction during Bayesian 
updating, and (6) applying inverse procedures. 
(See also W90-10404) (Author’s abstract) 
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Raleigh. 
For primary bibliographic entry see Field 3D. 
W90-09513 


HISTORICAL ACCOUNT OF PUBLIC WATER 
SUPPLIES IN NORTH CAROLINA. 


Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-179086/ 
AS. Price codes: A07 in paper copy, AO1 in micro- 
fiche. Special Report No. 244, July 1989. 113p, 4 
fig. 


Descriptors: *History, *North Carolina, *Water 
supply, Public policy, Regional planning, Water 
pollution, Water supply development, Water 
supply systems. 


The purpose of this report is to explore and docu- 
ment the North Carolina experience with respect 
to public water supplies in the hope that this will 
be useful for the guidance of future decision- 
making in this vitally important area. There are 
lessons to be learned from this experience. History 
reveals that we have too often chosen to ignore the 
prophetic voices which urged state and local offi- 
cials to change course and take the steps necessary 
to preserve high quality sources of public water 
supply. Time is now running out. The tide of 
development threatens to engulf the very lands 
that should be preserved for this vital purpose. 
This historical account ultimately speaks to the 
urgency of major changes in public policy. While 
the hour is late and many opportunities have been 
lost, it is still possible to correct the course and 
move ahead on a more rational basis in the future. 
(Lambert-UNC-WRRI) 

W90-09546 


CHEMILUMINESCENCE SENSOR’ WITH 
URANINE IMMOBILIZED ON AN ANION-EX- 
CHANGE RESIN FOR MONITORING FREE 
CHLORINE IN TAP WATER. 

Tokyo Metropolitan Univ. (Japan). Dept. of Indus- 
trial Chemistry. 

T. Nakagama, M. Yamada, and T. Hobo. 
Analytica Chimica Acta ACACAM, Vol. 231, No. 
1, p 7-12 April 1990. 3 fig, 1 tab, 18 ref. Japanese 
Ministry of Education, Science and Culture Grant- 
in-Aid 63108001. 


Descriptors: *Chemical sensors, *Chlorination, 
*Drinking water, *Water analysis, *Water treat- 
ment, Anion exchange resins, Chlorine, Monitor- 
ing, Water quality control. 


Chemical sensors are of increasing interest for the 
continuous and real-time monitoring of analytes, 
and have been reported on the basis of various 
sensing principles. Recently, considerable efforts 
have been devoted to the development of fiber- 
optic luminescence sensors, especially fluorescence 
sensors, because of their intrinsic advantages over 
other sensor types. In the course of work on the 
development of new analytical chemiluminescence 
(CL) systems, it was found that xanthene dyes 
react with residual chlorine, free chlorine (C12, 
HOCI and OC\(-)) and combined chlorines (chlora- 
mines) in tap water to emit light and a flow- 
injection system was established with rhodamine 
6G CL detection for the specific determination of 
free chlorine, free from interferences from chlor- 
amine and other compounds. The aim of this work 
was to apply the xanthene dye CL to a lumines- 
cence sensor capable of continuously monitoring 
free chlorine in tap water, a dye-immobilized ion- 
exchange resin being used as a free chlorine-sensi- 
tive zone. Of the dyes and ion-exchange resins 
tested, the immobilization giving the best dynamic 
response characteristics was achieved with a com- 
bination of uranine and a weakly basic anion-ex- 
change resin (Amberlite IRA-93). The sensor, a 
Pyrex tube (20 mm x 3 mm i.d.) packed with the 
resin and placed close to the photomultiplier tube, 
provided a constant signal within 1 minute of a 
concentration change of free chlorine, a linear 
calibration graph between 1 milliMolar and 2 mi- 
croMolar (the detection limit at a signal-to-noise 





ratio of 3) and a relative standard deviation of 
1.6% for 0.00001 M free chlorine. The sensor was 
unique in being insensitive to chloramines and per- 
mitted free chlorine to be determined in tap water 
with no interference from chloramines and other 
compounds. (Agostine-PTT) 

'90-09626 


INACTIVATION OF HUMAN AND SIMIAN 
ROTAVIRUSES BY CHLORINE DIOXIDE. 
Brookhaven National Lab., Upton, NY. Dept. of 
Applied Science. 

Y. Chen, and J. M. Vaughn. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1363-1366, May 1990. 
5 fig, 1 tab, 23 ref. EPA Grant R-809489-01. 


Descriptors: *Chlorination, *Chlorine dioxide, 
*Disinfection, *Drinking water, *Ozonation, 
*Water treatment, Hydrogen ion concentration, 
Viricides, Viruses. 


Chlorine dioxide has been shown to be an effective 
bactericide and sporicide, as well as a potent viru- 
cide. In addition, the use of chlorine dioxide as a 
water disinfectant does not result in the production 
of trihalomethanes, a problem associated with 
chlorine treatment of drinking water. The inactiva- 
tion of purified, single-particle suspensions of 
simian (SA-11) and human rotaviruses (HRV type 
2, Wa) by chlorine dioxide was compared over a 
range of disinfectant concentrations and pH levels. 
Resulting data were then compared with those 
from previous investigations of rotavirus inactiva- 
tion by the more traditional agents, chlorine and 
ozone. Experiments were conducted at 4 C in a 
standard phosphate-carbonate buffer. Both virus 
types were rapidly inactivated, within 20 seconds 
under alkaline conditions, when chlorine dioxide 
concentrations ranging from 0.05 to 0.2 mg/L 
were used. Similar reductions of 100,000 fold in 
infectivity required additional exposure time of 120 
seconds at 0.2 mg/L for Wa and at 0.5 mg/L for 
SA-11, respectively, at pH 6.0. The inactivation of 
both virus types was moderate at neutral pH, and 
the sensitivities to chlorine dioxide were similar. 
The observed enhancement of virucidal efficiency 
with increasing pH was contrary to earlier findings 
with chlorine and ozone-treated rotavirus particles, 
where efficiencies decreased with increasing alka- 
linity. Comparison of 99.9% virus inactivation 
times revealed ozone to be the most effective viru- 
cidal agent among these three disinfectants. (Agos- 
tine-PTT) 

W90-09631 


EFFECTS OF OZONE, CHLORINE DIOXIDE, 
CHLORINE, AND MONOCHLORAMINE ON 
CRYPTOSPORIDIUM PARVUM OOCYST VIA- 
BILITY. 

Arizona Univ., Tucson. Dept. of Microbiology and 
Immunology. 

D. G. Korich, J. R. Mead, M. S. Madore, N. A. 
Sinclair, and C. R. Sterling. 

Applied and Environmental Microbiology 
AEMIDF, Vol. 56, No. 5, p 1423-1428, May 1990. 
8 fig, 26 ref. EPA Grant CR-8142337-01. 


Descriptors: *Disinfection, *Drinking water, 
*Ozonation, *Parasites, *Water treatment, Chlorin- 
ation, Cryptosporidium, Human diseases. 


Purified Cryptosporidium parvum oocysts were 
exposed to ozone, chlorine dioxide, chlorine, and 
monochloramine. Excystation and mouse infectiv- 
ity were comparatively evaluated to assess oocyst 
viability. Ozone and chlorine dioxide more effec- 
tively inactivated oocysts than chlorine and mon- 
ochloramine did. Greater than 90% inactivation as 
measured by infectivity was achieved by treating 
oocysts with 1 ppm of ozone (1 mg/liter) for 5 
min. Exposure to 1.3 ppm of chlorine dioxide 
yielded 90% inactivation after 1 hour, while 80 
ppm of chlorine and 80 ppm of monochloramine 
required approximately 90 min for 90% inactiva- 
tion. The data indicate that C. parvum oocysts are 
30 times more resistant to ozone and 14 times more 
resistant to chlorine dioxide then Giardia cysts 
exposed to these disinfectants under the same con- 
ditions. With the possible exception of ozone, the 
use of disinfectants alone should not be expected to 
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inactivate C. parvum oocysts in drinking water. 
(Author’s abstract) 
W90-09634 


DISINFECTION OF BACTERIA IN WATER 
SYSTEMS BY USING ELECTROLYTICALLY 
GENERATED COPPER: SILVER AND RE- 
DUCED LEVELS OF FREE CHLORINE. 
Arizona Univ., Tucson. Dept. of Nutrition and 
Food Science. 

M. T. Yahya, L. K. Landeen, M. C. Messina, S. M. 
Kutz, and R. Schulze. 

Canadian Journal of Microbiology CJMIAZ, Vol. 
36, No. 2, p 109-116, February 1990. 3 fig, 5 tab, 44 
ref. 


Descriptors: *Chlorination, *Copper, *Disinfec- 
tion, *Drinking water, *Silver, *Water treatment, 
Coliforms, Pseudomonas, Staphylococcus, Water 
quality management. 


As an alternative disinfectant to chlorination, elec- 
trolytically generated copper:silver (400 and 40 
microgram/L copper and silver respectively) with 
and without free chlorine (0.3 mg/L) was evaluat- 
ed over a period of 4 weeks in indoor and outdoor 
water systems (100 L tap water with natural body 
flora and urine). Numbers of total coliform, pseu- 
domonas, and staphylococci were all less than 
drinking water standards in systems treated with 
copper:silver and free chlorine and systems treated 
with free chlorine alone (1.0 mg/L). No significant 
differences in bacterial numbers were observed 
between systems with copper:silver and free chlo- 
rine and those with free chlorine alone. overall, 
free chiorine treatments (0.3 or 1.0 mg/L) showed 
significantly lower heterotrophic plate numbers 
than those without free chlorine. When challenged 
with a natural Staphylococcus sp. isolate, water 
with copper:silver and free chlorine had a 2.4 
log(10) reduction in bacterial numbers within 2 
min, while free chlorine alone or copper:silver 
alone showed 1.5 and 0.03 log(10) reductions, re- 
spectively. Addition of copper:silver to water sys- 
tems may allow the concentration of free chlorine 
to be reduced while still providing comparable 
sanitary quality of the water. (Author’s abstract) 
09662 


DEVELOPMENT OF AN AUTOMATED HIGH- 
PERFORMANCE LIQUID CHROMATOGRA- 
PHIC METHOD FOR THE ON-LINE PRE- 
CONCENTRATION AND DETERMINATION 
OF TRACE CONCENTRATIONS OF PESTI- 
CIDES IN DRINKING WATER. 

Brock Univ., St. Catharines (Ontario). Dept. of 
Chemistry. 

For primary bibliographic entry see Field 5A. 
W90-09663 


ANALYZING WATER MAIN REPLACEMENT 
POLICIES. 

Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

J. W. Male, T. M. Walski, and A. H. Slutsky. 
Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 362- 
374, May/June 1990. 3 fig, 8 tab, 10 ref. 


Descriptors: *Cost analysis, *Water conveyance, 
*Water distribution, *Water mains, Maintenance, 
New York City, Water policy. 


A procedure to assist in planning for the rehabilita- 
tion of a water distribution system was applied to 
New York City. It incorporates the costs of replac- 
ing water mains and those of repairing main breaks 
to determine least-cost planning strategies. Results 
showed that New York’s current policy of replac- 
ing main segments that have had two or more 
breaks is the least-cost approach on a city-wide 
basis. However, application of slightly different 
strategies to different pipe diameters and to differ- 
ent boroughs can yield slightly lower costs. Re- 
sults of the procedure are sensitive to the discount 
rate and the costs associated with main breaks. 
Results show that delaying replacement of mains 
beyond an optimal time yields higher total costs. 
Several of the results can be generalized and are 
applicable to distribution systems of other utilities: 


(1) Smaller diameter mains should be replaced 
more frequently, given all other factors are the 
same; (2) reasonable, least-cost strategies can be 
approached even with uncertain input parameter 
values; (3) knowledge of costs associated with 
breaks is very important; and (4) in addition to 
cost, the resulting physical integrity of the system 
is very important. (Author’s abstract) 

W90-09670 


CHLORINATION, WATER HARDNESS AND 
SERUM CHOLESTEROL IN FORTY-SIX WIS- 
CONSIN COMMUNITIES. 

Oak Ridge National Lab., TN. Health and Safety 
Research Div. 

E. A. Zeighami, A. P. Watson, and G. F. Craun. 
International Journal of Epidemiology IJEPBF, 
Vol. 19, No. 1, p 49-58, March 1990. 6 tab, 33 ref. 
EPA Interagency Agreement 40-1063-80 DOE 
Contract DE-AC05-840R214400. 


Descriptors: *Chlorination, *Drinking water, 
*Public health, *Water treatment, *Wisconsin, 
Blood pressure, Calcium, Cholesterol, Hardness, 
Magnesium, Sex differences. 


The Wisconsin Heart Health Research Program 
measured serum lipids and other clinical param- 
eters among residents of 45 neighboring small com- 
munities in central Wisconsin. The studied aimed 
to determine whether the distribution of serum 
lipids, blood pressure, or thyroid hormones dif- 
fered according to the chlorination of the water 
supply or its calcium or magnesium content (hard- 
ness). Variables measured on individuals included 
age, education level, alcohol intake, cigarette 
smoking, dietary fat, and dietary calcium. An anal- 
ysis of covariance was used to estimated the effects 
of chlorination and hardness on each of the serum 
lipids, with individual variables included as covar- 
iates. Among females, serum cholesterol (SC) 
levels were significantly higher in chlorinated 
communities than non-chlorinated communities. 
Community SC levels also were higher in males in 
chlorinated communities, on the average, but dif- 
ferences were smaller compared and not statistical- 
ly significant. Low-density lipoprotein cholesterol 
levels follow a similar pattern to that for total SC 
levels: higher in chlorinated communities for fe- 
males, but not different for males. High density 
lipoprotein cholesterol community means were 
nearly identical in the chlorinated and non-chlorin- 
ated communities for each sex. (Author’s abstract) 
W90-09739 


MEASUREMENT OF THE PERSONAL COST 

OF ILLNESS DUE TO SOME MAJOR WATER- 

RELATED DISEASES IN AN INDIAN RURAL 

POPULATION. 

MLB Medical College, Jhansi, 284 128, India. 

For primary bibliographic entry see Field 5C. 
-09740 


WITHDRAWAL AND DISTRIBUTION OF 
WATER BY PUBLIC WATER SUPPLIES IN 
OHIO, 1985. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 3D. 
W90-09893 


OZONATION USED IN WATER AND SEWAGE 
TREATMENT (JAN 70 - MAR 90). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90-10035 


ANION EXCHANGE RESINS: STRUCTURE, 
FORMULATION, AND APPLICATIONS (JAN 
77 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-866032. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
July 1989. 74p. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5F—Water Treatment and Quality Alteration 


Descriptors: *Anion exchange, *Resins, *Water 
pollution control, *Water treatment, Amides, 
Chemical properties, Chromatography, Polyethy- 
lenes, Styrenes, Water quality control. 


This bibliography contains citations concerning the 
formulation and synthesis of anion exchange resins 
based on such resins as amides, polyethylenes and 
styrenes. Osmotic properties, exchange kinetics be- 
havior, sorption properties, structure studies and 
temperature related performance effects on anion 
exchange resins are considered. Anion exchange 
chromatography of metals and liquids, and applica- 
tions in water purification and pollution control 
are included. (This updated bibliography contains 
169 citations, 24 of which are new entries to the 
previous edition). (Author’s abstract) 
90-10042 


WATER TREATMENT FACILITIES (EXCLUD- 
ING WASTEWATER FACILITIES) (JAN 77 - 
DEC 88). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-851927. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
December 1988. 154p. 


Descriptors: *Bibliographies, *Design criteria, 
*Operating policies, *Water treatment facilities, 
Chlorination, Construction methods, Drinking 
water, Filtration, Industrial water, Reverse osmo- 
Sis. 


This bibliography contains citations concerning the 
design, construction, costs, and operation of water 
treatment facilities. Facilities covered include those 
that provide drinking water, domestic water, and 
water for industrial use. Types of water treatment 
covered include reverse osmosis, chlorination, fil- 
tration, and ozonation. Wastewater treatment fa- 
cilities are excluded from this bibliography. (Con- 
tains 275 citations). (Author’s abstract) 

W90-10048 


CIVIL ENGINEERING PRACTICE. VOLUME 
5: WATER RESOURCES/ENVIRONMENTAL. 
For primary bibliographic entry see Field SD. 
W90-10104 


PHYSICAL TREATMENT PROCESSES IN 
WATER AND WASTEWATER TREATMENT. 
Windsor Univ. (Ontario). Dept. of Civil Engineer- 
ing. 

For primary bibliographic entry see Field 5D. 
W90-10128 


GRANULAR ACTIVATED CARBON IN WATER 
TREATMENT. 

New Jersey Inst. of Tech., Newark. Dept. of Civil 
and Environmental Engineering. 

C.N. Patel, S. L. Cheng, and K. Banerjee. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 703- 
738, 25 fig, 10 tab, 30 ref. 

Descriptors: *Activated carbon, 
*Granular activated carbon, *Potable water, 
*Water treatment, Chlorinated hydrocarbons, 
Contaminants, Drinking water, Organic pollutants, 
Organoleptic properties, Ozonation, Ozone. 


* Adsorption, 


The use of granular activated carbon for treatment 
of potable water supplies offers the water plant a 
simple, effective and economical way to remove 
taste, odor, color and undesirable organics, includ- 
ing toxic substances, on a continuous basis without 
capital investment costs. Activated carbon re- 
moves organic contaminants from water by the 
process of adsorption, or the attraction and accu- 
mulation of one substance on the surface of an- 
other. Use of granular activated carbon for reduc- 
tion of total organic carbon should be proceeded 
by good clarification. Good operation is essential 
to avoid losses of carbon through backwashing and 
deposition of materials on the carbon granules. 
Biological activity in the bed may lead to pro- 


longed lifetimes of the carbon beds and to removal 
of nonadsorbable but degradable compounds that 
otherwise might cause problems in the distribution 
system. The treatment of preozonated water void 
of chlorinated organics in granular activated 
carbon columns which do not require regeneration 
is termed biological activated carbon treatment. 
The use of ozone, chlorine dioxide, and ozone plus 
activated carbon are established and proven tech- 
nologies in Europe. For polluted raw vvaters, 
ozone or ozone coupled with activated carbon 
appears to be the best technique available for re- 
duction of organics concentrations in drinking 
water. Powdered activated carbon is usually added 
to the water with automatic chemical feeders. 
Major advantages of powdered activated carbon 
are that it can effectively remove odor, it is cheap- 
er than granular carbon, and that extensive plant- 
construction costs are not required in order to use 
it. Water and wastewater treatment make up about 
a third of the activated carbon market. Carbon is 
also used in air pollution control, catalyst applica- 
tions, sugar decolorizing, solvent recovery, purifi- 
cation of chemicals, dry cleaning, and more. (See 
also W90-10104) (Mertz-PTT) 

W90-10129 


BIODEGRADATION OF A GAS OIL APPLIED 
TO AGGREGATES OF DIFFERENT SIZES. 
Guelph Univ. (Ontario). Dept. of Land Resource 
Science. 

S.C. Mott, P. H. Groenevelt, and R. P. Voroney. 
Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 257-260, April/June 1990. 3 fig, 2 tab, 
13 ref. 


Descriptors: *Biodegradation, *Geochemistry, 
*Industrial wastes, *Land disposal, *Oil wastes, 
*Waste disposal, Bacteria, Degradation, Microor- 
ganisms, Mineralization, Particle size, Soil aggre- 
gates, Soil physical properties. 


The relationship of soil aggregate size to degrada- 
tion rate in land disposal of oily wastes was studied 
in an effort to improve the rate of biodegradation. 
Previously untreated soil was separated into aggre- 
gates of the following size ranges: coarse (19-25 
mm diameter), medium (5-10 mm), and fine (1-2 
mm). Oily waste, emulsified in water sufficient to 
bring the soil to 25% water content, was evenly 
applied to the surface of each type of aggregate. 
After incubation for 14 days at 25 C, biodegrada- 
tion was measured by carbon dioxide entrapment 
in potassium hydroxide. The coarse and medium 
aggregates were then ground to approximate the 
fine fraction and reincubated without further waste 
application. A one-component exponential model 
regression indicated that application to fine aggre- 
gates resulted in a larger available mineralizable 
carbon pool, with more carbon dioxide produced 
from treated fine aggregates. The effects were 
attributed to the larger available surface area. Al- 
though grinding caused a temporary increase last- 
ing several days, the pregrinding pattern was soon 
reestablished, probably because the oil was ab- 
sorbed onto the particles and did not spread upon 
grinding. It was concluded that waste biodegrada- 
tion was inversely proportional to aggregate size 
before application, and that soil surface preparation 
into fine aggregates may be more beneficial than 
tillage after application. (Cassar-PTT) 

W90-10189 


CONTENT AND FRACTIONATION OF HEAVY 
METALS IN WATER TREATMENT SLUDGES. 
Pennsylvania State Univ., University Park. Dept. 
of Agricultural Engineering. 

H. A. Elliot, B. A. Dempsey, and P. J. Maille. 
Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 330-334, April/June 1990. 4 tab, 20 ref. 


Descriptors: *Heavy metals, *Land disposal, *Path 
of pollutants, *Sludge analysis, *Sludge disposal, 
*Waste disposal, *Water treatment, *Water treat- 
ment wastes, Alum, Cadmium, Chromium, Coagu- 
lation, Copper, Ferric chloride, Lead, Metals, 
Nickel, Zinc. 


The composition and distribution of Cd, Cu, Cr, 


Ni, Pb, and Zn in eight alum and ferric chloride 
coagulation sludges were investigated using a five- 


162 


step chemical fractionation procedure to assess po- 
tential impacts following soil incorporation. The 
mean total metal levels (mg/kg dry weight) for 
these sludges were Cd, <2; Cu, 234; Cr, 187; Ni, 
102; Pb, 230; and Zn, 557, which are well below 
maximum allowable levels for land-applied wastes. 
Two individual ferric chloride sludges had Ni 
levels slightly above maximum allowable concen- 
trations. Mean total Cr and Ni concentrations in 
the ferric chloride sludges were, respectively, 5.4 
and 3.1 times the corresponding alum sludge levels, 
reflecting elevated concentrations in the ferric 
chloride coagulant. The Cu, Cr, Ni, Pb, and Zn in 
sludges were predominantly bound within the 
oxide or silicate components. A small portion of 
the sludge Cd was in a readily exchangeable form, 
whereas the dilute acid extractable and organically 
bound fractions contained the majority of nonresi- 
dual Cd. Although total Cd levels were very low 
(1-2 mg/kg) compared with the allowable maxi- 
mum, it was expected that Cd would be mobile 
under acidic soil conditions. (Author’s abstract) 
W90-10197 


TREATMENT OF CHLORDANE-CONTAMI- 
NATED WATER BY THE ACTIVATED ROTAT- 
ING BIOLOGICAL CONTACTOR. 

Oklahoma Univ., Norman. Dept. of Civil Engi- 
neering and Environmental Science. 

D. A. Sabatini, J. W. Smith, and L. W. Moore. 
Journal of Environmental Quality JEVQAA, Vol. 
4 ~' 2, p 334-338, April/June 1990. 4 fig, 5 tab, 

ret. 


Descriptors: *Biological treatment, *Chlordane, 
*Insecticides, *Water pollution treatment, *Water 
treatment, Contactors, Fate of pollutants, Pesti- 
cides, Rotating contactors. 


Due to the toxicity of the insecticide chlordane 
and its persistence in the environment, it is impor- 
tant to identify remedial treatment processes for 
chlordane-contaminated waters. The removal of 
chlordane from water was studied using the acti- 
vated rotating biological contactor. Chlordane 
concentrations ranged from 0.1 to 4.6 mg/liter 
with organic supplement levels of 500 and 175 mg/ 
liter of BOD. The chlordane removal efficiencies 
ranged from 75 to 96%, and the BOD removal 
efficiencies ranged from 95 to 99%. Shock load- 
ings of chlordane (2 to 3 times the normal influent 
concentration) did not significantly hinder chlor- 
dane removal efficiency, which was 70 to 85%. 
Mass balances of the chlordane throughout the 
study showed 58 to 89% of in influent chlordane 
was not accounted for in the effluent, the system or 
waste solids. The relatively low volatility of chlor- 
dane and the low adsorption of chlordane to the 
biomass indicated that biological transformation 
was the primary removal mechanism in this study. 
(Author’s abstract) 

W90-10198 


EFFECT OF NITRATE AND ORGANIC 
MATTER UPON MOBILITY OF 
IN GROUNDWATER AND IN 
TREATMENT PROCESS, 
Lawrence Berkeley Lab., CA. Earth Sciences Div. 
For primary bibliographic entry see Field 5B. 
W90-10201 


SELENIUM 
A WATER 


INVESTIGATION OF AN ALUMINUM HY- 
DROXIDE INCRUSTATION IN A RURAL 
WATER SUPPLY (ALUMINIUMHYDROXID- 
ABLAGERUNG IN EINER WASSERLEITUNG). 
Bonn Univ. (Germany, F.R.). Hygiene Inst. 

For primary bibliographic entry see Field 5B. 
W90-10205 


SMALL WATER TREATMENT SYSTEMS IN 
THE 1990S. 

M. E. Maschek. 

Water Engineering and Management WENMD2, 
Vol. 137, No. 4, p 33-35, April 1990. 


Descriptors: *Drinking water, *Reverse osmosis, 
*Water treatment, *Water treatment facilities, 
Chemical treatment, Egypt, Municipal water, New 





Jersey, North Carolina, Potable water, Rural areas, 
Safe Drinking Water Act, Water quality standards, 
Water users. 


The 1986 Safe Drinking Water Act has increased 
water quality standards and system monitoring re- 
quirements. Package water treatment systems offer 
a key alternative to small and rural communities 
which otherwise could not comply with this stat- 
ute and the new proposed regulations. This system 
is easily installed and compact in design. First-time 
installation is typically provided at a reduced cost. 
The system can gradually be brought into oper- 
ation allowing operators the chance to monitor the 
system. Small systems range from the 10 gallon per 
minute to several million gallons per day capacity. 
The total unit should fit into a 50’ X 50’ enclosure. 
Some systems include programmable controllers. 
Most advanced systems may also control chemical 
dosage. Limited flexibility from an operations 
standpoint may be a problem. Among larger pack- 
age systems currently in operation are those in 
Hackensack, NJ which has provided output as 
high as 450 gallons per minute; Dare County, NC 
reverse osmosis plant treating 3 million gallons per 
day, and the mobile containerized reverse osmosis- 
water desalination plant in Egypt’s Sinai Peninsula. 
(Feder-PTT) 

W90-10219 


INFLUENCE OF TEMPERATURE ON THE EF- 
FICIENCY OF BIOLOGICAL ACTIVATED 
CARBON FILTERS (INFLUENCE DE LA TEM- 
PERATURE SUR LE RENDEMENT DES 
QUE. AU CHARBON ACTIVE BIOLOGI- 
Gendron Lefebvre, Inc., Laval (Quebec). 

S. Letendre, R. Desjardins, L. Fortin, P. 
Lafranche, and F. G. Briere. 

Canadian Journal of Civil Engineering CJCEB8, 
Vol. 16, No. 6, p820-828, December 1989. 7 fig, 7 
tab, 22 ref. English summary. 


Descriptors: *Activated carbon, *Biological filters, 
*Quebec, *Seasonal variation, *Temperature ef- 
fects, *Water treatment, Adsorption-desorption, 
Aquatic bacteria, Dissolved solids, Lignite, Organ- 
ic carbon, Peat soils, Water quality, Water sam- 
pling. 


To evaluate the efficiency of biological activated 
carbon filters at the Sainte-Rose water treatment 
plant in Ville de Laval (Quebec), water and carbon 
samples were taken over a period of 150 days. 
Sampling began 1 year after filter start-up. The 
filters were in a pseudo-equilibrium state. During 
the winter, the removal rate of organic material is 
reduced because of lower water temperatures 
which affect bacterial activity. Bacterial density in 
the upper layer of the filter is influenced by tem- 
perature variations. During the warm season, bac- 
teria counts are higher in the upper layer of the 
carbon, in the filter effluent, and in the backwash 
water. For equal volume, activated bituminous 
carbon removes more total organic carbon than 
carbons based on peat or on lignite. For equal 
carbon masses, bituminous carbon and peat-based 
extruded carbon have similar removal rates. Re- 
sults showed that the quantity of organic matter 
adsorbed per gram of dry carbon is greater at the 
surface than at a depth. During the sampling 
period there was an increase in the quantity of 
organic matter adsorbed on the carbon situated at a 
depth of 155 cm. (Creskoff-PTT) 
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Many reservoirs for water supply have been trou- 
bled with earthy-musty odor compounds-2-meth- 
ylisoborneol (2-MIB) and geosmin. Both of these 
compounds are terpenoids and related to the meta- 
bolite of L-methionine. An experiment using 
(CD3)methionine and (14CH3)methionine showed 
that the C-23 methyl group in 2-MIB originates 
from L-methionine. In the Streptomyces griseoful- 
vus incubation experiment with 10-1000 mg/L of 
L-methionine, 2-MIB and geosmin appeared in the 
earlier stages, in greater amounts than in the con- 
trol. The maximum production of 2-MIB and geos- 
min increased considerably in the experiments with 
10 and 100 mg/L of L-methionine. The effective 
time for L-methionine addition was after 1 d. Ad- 
ditions after 3 and 5 d were similar to the control. 
In the incubation experiment with 10-1000 mg/L 
folic acid, 2-MIB and geosmin increased only 
during the 1000 mg/L addition. There seems to be 
little doubt that L-methionine takes part in the 
metabolism of 2-MIB and geosmin. (Author’s ab- 
stract) 
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matical studies, Model studies. 


It is widely accepted that most ozone applications 
are mass transfer limited rather than reaction rate 
controlled. Consequently, techniques for the accu- 
rate prediction of the overall volumetric mass 
transfer coefficient are a critical aspect of ozona- 
tion process design and specification. A mathemati- 
cal model is presented that was structured on the 
basis of literature correlations for predicting ozone 
volumetric mass transfer coefficient values for gas- 
sparged, completely mixed turbine reactors. Con- 
tinuous flow mass transfer experiments at pH 
values between 6-9 validated the model. Increases 
in gas flow rates were found to increase volumetric 
mass transfer coefficient values up to approximate- 
ly 0.06 scfm, after which little or no increase was 
observed. Based on model predictions, volumetric 
mass transfer coefficient values increased with in- 
creasing impeller speeds; however, the relative 
percent increase in volumetric mass transfer coeffi- 
cient values decreased with increasing impeller 
speed. Variation in the liquid flow rate was found 
to have little impact on volumetric mass transfer 
coefficient values in the reactor studied. Both ex- 
perimental and mathematical calculations indicated 
that rapid ozone decomposition reaction kinetics at 
pH 9 do not enhance the value of the mass transfer 
coefficient. (Author’s abstract) 
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Aerobic biodegradation is an important mechanism 
for the remediation of aquifers contaminated by 
dissolved organic substances. This type of contami- 
nation is often initiated by an accidental spill of 
some organic substance, which percolates into the 
ground leaving zones of residual suspended in the 
pore structure. A fully three dimensional model is 
presented for the simulation of advective-disper- 
sive transport of organic contaminants with aero- 
bic biodegradation. The physical basis of the 
model is the coupled transport of an organic solute 
and dissolved oxygen, both interacting with a sta- 
tionary microbial population. The numerics are 
based on a newly-developed time integration 
scheme for the finite element equations, and a 
conjugate gradient solver is used in the solution. 
The level of efficiency obtained with this scheme is 
sufficient to make the 3D (three dimensional) ap- 
proach viable for practical problems. The mecha- 
nism of oxygen replenishment, which is essential to 
the maintenance of the aerobic process, is more 
correctly represented in 3D. As a result, the 3D 
model will generally predict higher oxygen con- 
centrations than a 2D model with the same set of 
parameters. Preliminary results indicate that the 
dimensionality effect, compared to an equivalent 
2D simulation, may be profound under oxygen- 
limiting conditions. With a central processing unit 
time of just over 2 hours on the CRAY computer 
for the fully 3D simulation to 300 days, the 3D 
approach is definitely viable and affordable. (See 
also W90-10501) (Author’s abstract) 
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To mitigate damages caused by agricultural runoff, 
private lake owners’ associations are paying for 
inlake and instream pollution abatemate measures 
and onland conservation practices. This phenome- 
non supports the notion that individuals who bene- 
fit from improved water quality should be willing 
to pay part of the abatement costs. This research 
suggest that onland conservation measures can sub- 
stantially reduce sediment delivery at low cost. 
The Sediment Economics (SEDEC) model was 
modified and then used to select and to site man- 
agement systems that achieved stated sediment 
goals at least cost. Other resource policies such at 
T value, no-till, and contouring were compared 
with the least-cost frontier and shown to be more 
costly. Abatemate costs decreased substantially 
and sediment delivery increased only slightly when 
the same resource policies were applied to crop- 
land areas closest to water channels. The research 
also pointed out the importance of noncropland 
areas adjacent to water channels. The noncropland 
areas substantially reduced sediment delivery to 
water channels and lowered abatement costs. Fur- 
ther research is needed for long-range watershed 
planning models such as SEDEC. More work is 
needed on the modelling of physical processes, 
particularly sediment delivery. The model also 
needs to be repackaged into a user-friendly format. 
(Stout-IL WRC) 
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A research project was conducted to develop a 
better mechanistic understanding of the phenom- 
ena controlling in situ biological activity. Labora- 
tory-column experimenis and computer modeling 
were used to investigate the formation of biologi- 
cally active zones (BAZs) when a limiting electron 
acceptor (N03(-)) is injected along the flow path 
and the secondary utilization of trace-level pollut- 
ants contained in the water flowing through the 
BAZ. Laboratory experiments conducted in a one- 
dimensional porous-media column demonstrated 
the relationship between lateral injection of NO3(-) 
and the location and extent of BAZs when acetate 
was present as the sole carbon sources. BAZs 
established and sustained by acetate and NO3(-) 
were able to degrade trace-level halogenated com- 
pounds. Carbon tetrachloride was nearly complete- 
ly removed, while bromoform, dibromomethane, 
trichloroethene, and tetrachloroethene were re- 
moved to lesser degrees. Trichloroethane was 
slightly removed. Dichlorobenzenes, previously 
thought to be refractory in denitrifying conditions, 
were removed by 20-30% during their passage 
through the BAZ. A new, highly efficient solution 
algorthim was developed to solve directly for the 
steady-state profiles of the limiting substrate and 
biofilm mass, as well as for non-limiting and sec- 
ondary substrate. The predictive ability of the 
model was verified by successful simulation of the 
laboratory experiments using independently deter- 
mined kinetics parameters. The verified model was 
used to illustrate two possible strategies for field 
bioreclamation. First, the use of multiple injection 
points can decrease aquifer clogging potential by 
spreading out the extent of the BAZ. Second, 
injection of a supplementary carbon source can 
extend the length of the BAZ in order to achieve 
greater removal of secondary substrates. (Stout-IL 
WRC) 
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A decision support system was developed for the 
water-quality management of the Tejo estuary, 
named Hypertejo. Hypertejo is based on a chain of 
data bases, dispersion, nonpoint pollution, and re- 
gional water-quality management models. Due to 
large running times of some of the models, making 
their interactive use impossible, Hypertejo was de- 
signed as a synthesis of the interconnected data 
bases and models. This synthesis was achieved by 
applying descriptive statistics and transfer function 
concepts. The system, implemented using Hyper- 
card, provides answers to questions posed by three 
levels of users: member of the government, mayor, 
and technical manager. Hypertejo implementation 
for a pilot zone in the estuary is used to illustrate 
the potential applications of similar systems in 
water-quality management studies. (Author’s ab- 
stract) 
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Data on the solubilization of p-dichlorobenzene 
(DCB), naphthalene, and biphenyl in aqueous solu- 
tions of sodium dodecylsulfate (SDS) (0-100 mM 
concentration) indicate increases in effective solu- 
bilities of these hydrophobic compounds by factors 
of roughly 20 to 100. DCB is effectively removed 
from spiked clay-sand mixtures by leaching with 
SDS solutions in laboratory columns. Surfactant 
solutions loaded with DCB are satisfactorily treat- 
ed by gentle extraction with hexane, and the re- 
covered surfactant solution satisfactorily solubi- 
lizes biphenyl. It appears that the solubilizing 
power of a surfactant for a given hydrophobic 
contaminant can be predicted qualitatively by a 
simple theory which requires as input the distribu- 
tion coefficient of the contaminant between water 
and a hydrocarbon solvent such as hexane, the 
solubility of the contaminant in water, and the 
molar volume of the hydrophobic group of the 
surfactant species. (Agostine-PTT) 
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Tees bay on the northeast coast of England re- 
ceives the waters from the highly industrialized 
Tees estuary. Since 1970 there have been consider- 
able reductions in both the industrial and domestic 
sewage discharges to the estuary. The benthic pop- 
ulations of Tees bay have been routinely moni- 
tored since 1971, grabbing surveys have been com- 
pleted at six areas in the spring, summer and 
autumn of each year. In 1979 the survey was 
extended to include stations within the Tees estu- 
ary itself. Tees bay appears to have a stable benthic 
fauna. Though the simple analysis of faunal statis- 
tics has demonstrated fluctuations within the 
benthos, neither this analysis nor classification 
analysis has indicated that there were any long- 
term changes in abundance or diversity. Classifica- 
tion analysis has also failed to differentiate between 
the fauna of the different areas within Tees bay. 
However, studies of biomass and the bivalve Tel- 
lina fabula growth rate did indicate a difference 
between the areas close to the mouth of the Tees 
and those remote from it. The studies of the Tees 
estuary benthos indicated an improvement in both 
the abundance and the diversity of the fauna. How- 
ever, the monitoring took place over a limited 
period and further work is necessary to ensure that 
this improvement does not simply represent natural 
fluctuations within the estuarine benthic popula- 
tion. (Author’s abstract) 
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The efficient planning and management of water 
resources on a large scale in a river basin to meet 
multiple, often conflicting, objectives is beyond the 
experience of most people and has become a major 
problem in many intensively used river basins. To 
understand the reasons for the introduction and 
growth of the concept of river basin management 
and its application, it may be helpful to trace the 





history of river basin development in England as 
an example. Three stages in the development of 
pollution have been noted: (1) pathogenic pollu- 
tion, (2) gross pollution, and (3) chemical, or insidi- 
ous, pollution. It appears that all river basins expe- 
rience the same three stages during the course of 
their development. Monitoring the quantity and 
quality of a river system and using the data as 
inputs to an appropriate mathematical model 
allows management policies to be formulated, 
tested, and optimized in terms of the available 
natural and financial resources without adversely 
affecting any of the users of the river. The classifi- 
cation of surface waters in terms of quality enables 
management to readily identify the uses to which 
the water may be put without incurring damage to 
the river system. Because of the increasing number 
and diversity of pollutants now entering our rivers, 
a standard, stable, reproducible water quality clas- 
sification system is now highly desirable, if not 
essential, for all developing and developed river 
basins and especially for those rivers which cross 
national boundaries. (Fish-PTT) 
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Control techniques for subsurface contamination 
can be applied at several points in the contamina- 
tion process. Disposal to land can be avoided by 
preventing the generation of the waste, or by de- 
stroying it by treatment. Waste that must be land- 
filled, or that was previously landfilled, can be 
modified so that it does not generate contaminated 
groundwater. If landfilling of dangerous materials 
is inevitable, it can be done at a site where contain- 
ment measures will prevent infiltration and escape 
of water. Finally, for wastes already in place, or 
for groundwater and soils already contaminated, 
the site can be isolated so that no further migration 
takes place. Isolation may be followed by extrac- 
tion and treatment. Selection of control alterna- 
tives involves the collection of existing data, site- 
specific investigations, determination of the nature 
and extent of contamination, development of con- 
trol alternatives, and evaluation and selection of 
best alternatives. Waste modification may include 
the addition of sorbents; fixation of wastes into a 
hard, stable mass; or solution mining. A site may be 
excavated, but this remedy involves the transport 
of wastes to another site. Contaminated site con- 
trol, infiltration control, the building of migration 
barriers, and groundwater diversion all mitigate 
groundwater contamination. Removal of contami- 
nated groundwater may involve leachate removal, 
well point systems, or deep well systems. Contami- 
nated groundwater may be treated by biological 
treatment, such as activated sludge processes, 
trickling filters, rotating biological discs, stabiliza- 
tion ponds, anaerobic filters, or anaerobic digest- 
ers; by physical treatment, such as air stripping, 
ultrafiltration, or reverse osmosis; or by chemical 
processes, such as coagulation, carbon adsorption, 
ion exchange, or chemical oxidation. (See also 
W90-09836) (Brunone-PTT) 
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Rural development of intermountain valleys of the 
northwestern United States is placing increased 
pressure on high quality groundwater resources. In 
many of the valley bottoms soils are coarse grained 
remnants of large fluvial systems. The coarse 
nature of the valley soils provides easy access to 
water but appears to provide only partial treatment 
of domestic wastes. Water quality management 
options which are applicable to management of a 
shallow unconfined aquifer currently being impact- 
ed by septic system wastes were evaluated. Four 
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possible water quality management options are 
considered for the western portion of the Missoula 
Valley: (1) Accept current levels of aquifer water 
quality degradation and prevent further deteriora- 
tion of potable supplies; (2) accept current levels of 
aquifer water quality and minimize further degra- 
dation; (3) reduce current levels of contamination; 
(4) allow for further aquifer water quality degrada- 
tion and replace individual domestic water supplies 
with an alternative supply. Reducing current levels 
of contamination was selected as the best option 
for long-term water quality management. (See also 
W90-09908) (Lantz-PTT) 
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CRC Press, Inc., Boca Raton, Florida. 1989. p 27- 
62, 17 fig, 212 ref. 


Descriptors: *Regulated flow, *Reservoir releases, 
*River management, *Water quality control, Aer- 
ation, Dissolved oxygen, Hydraulic engineering, 
Hypolimnion, Mathematical models, Oregon, Res- 
ervoir operation, Temperature, Turbidity, Wash- 
ington. 


There are numerous water resource management 
methods available to manipulate the quality of 
water in a reservoir or the quality of water re- 
leased from the reservoir. The decision in each 
case is site specific. The two most important pa- 
rameters affecting reservoir water quality are tem- 
perature and dissolved oxygen concentration; a 
third factor of importance is turbidity. Controlling 
these parameters so as to control the quality of 
water released from reservoirs is reviewed here, 
including: reservoir sizes and types; water tempera- 
ture measures (selective withdrawal, modeling, and 
examples from lakes in Oregon and Washington); 
dissolved oxygen management (artificial circula- 
tion, hypolimnetic aeration, and aeration and oxy- 
genation); and turbidity regimes and turbidity man- 
agement (turbidity control and turbidity model- 
ing). Structures and devices employed in control- 
ling the temperature, dissolved oxygen, and turbid- 
ity of reservoir releases are illustrated diagram- 
matically. (See also W90-09997) (Rochester-PTT) 
W90-09999 


WATER QUALITY MODELING OF REGULAT- 
ED STREAMS. 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Environmental Lab. 

For primary bibliographic entry see Field 4A. 
W90-10000 


FLUSHING FLOWS. 

EA Engineering, Science, and Technology, Inc., 
Lafayette, CA. Western Regional Operations. 

D. W. Reiser, M. P. Ramey, and T. A. Wesche. 
IN: Alternatives in Regulated River Management. 
CRC Press, Inc., Boca Raton, Florida. 1989. p 91- 
135, 14 fig, 3 tab, 162 ref. 


Descriptors: *Aquatic habitats, *Flushing, *Regu- 
lated flow, *Reservoir releases, *River manage- 
ment, Instream flow, Reservoir operation, Sedi- 
ment transport, Temporal variation. 
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Instream flow studies often overlook the dynamic 
nature of the river system being regulated. In 
regulated streams, an important option exists for 
maintaining channel characteristics: the pro- 
grammed release of a predetermined discharge for 
a given duration. Such releases, termed ‘channel 
maintenance’ or ‘flushing flows,’ can be applied to 
meet a variety of interrelated management goals. 
The theoretical basis for the use of flushing flows is 
discussed and guidance is provided for developing 
reliable flushing flow recommendations. The need 
for flushing flow releases for channel maintenance 
has not received the attention that fish habitat 
maintenance has, but the two are closely linked. A 
number of methods have been suggested for the 
establishment of flushing flow requirements. The 
methods can be divided into three basic categories: 
(1) hydrologic event methods, (2) channel mor- 
phology methods, and (3) sediment transport me- 
chanics methods. Elements that must be considered 
in developing a flushing flow plan include: purpose 
and need for flushing flows, timing of flushing 
flows, magnitude of flushing flows, and effective- 
ness of flushing flows. Until standard methods are 
developed, flushing flow evaluations should use an 
approach tailored to the specific need and charac- 
teristics of each stream and project. (See also W90- 
09997) (Rochester-PTT) 

W90-10001 


USE OF INSTREAM HABITAT IMPROVE- 
MENT METHODOLOGY IN MITIGATING 


THE ADVERSE EFFECTS OF RIVER REGULA- 
TION ON FISHERIES. 

Waikato Univ., Hamilton (New Zealand). Dept. of 
Biological Sciences. 

For primary bibliographic entry see Field 8I. 
W90-10004 


MITIGATION FOR IMPACTS TO RIPARIAN 
VEGETATION ON WESTERN MONTANE 
STREAMS. 

Pacific Gas and Electric Co., San Ramon, CA. 
Research and Development Dept. 

R. J. Risser, and R. R. Harris. 

IN: Alternatives in Regulated River Management. 
CRC Press, Inc., Boca Raton, Florida. 1989. p 235- 
250, 1 fig, 78 ref. 


Descriptors: *Headwaters, *Mountain streams, 
*Riparian vegetation, *River management, *West- 
ern United States, Aquatic habitats, Instream flow, 
Riparian land, Wildlife. 


Many headwater streams in the western montane 
regions of the United States have been developed 
for consumptive and nonconsumptive uses. A 
major concern involves the direct and indirect 
impacts of stream development projects on the 
stream resources (riparian vegetation, fish, wildlife, 
recreation, and water). Cover, structure, species 
composition, and diversity of riparian vegetation 
determine resource values. The riparian communi- 
ty on headwater streams is important to aquatic 
organisms because of its role in temperature regu- 
lation and productivity. Wildlife habitat values are 
highest where riparian communities are large, 
structurally diverse, and distinct from upland vege- 
tation. Streamside vegetation and the woody debris 
it provides stabilize stream channels and flood- 
plains and regulate biogeochemical cycles. Ripari- 
an zones are often a focal point for recreation, 
grazing, and other consumptive and nonconsump- 
tive activities. Diversion of streamwater can have 
profound effects on riparian vegetation, with re- 
sulting effects on the instream environments and 
biological productivity in the stream. Approaches 
to riparian mitigation can be categorized as: (1) 
avoidance or elimination of activities in areas of 
high resource value; (2) minimization of anticipat- 
ed or existing impacts through modification of the 
activity; (3) restoration of resource values; and (4) 
compensation (replacement in kind or function of 
resource values at another location). Specific miti- 
gation techniques, several of which can be applied 
to a single situation, are site design, riparian reve- 
getation, water supply (irrigation and instream 
flow methods), habitat improvement (artificial 
structures for fish and wildlife), streambank stabili- 
zation, channel clearing, and control of human 
activities and land uses. (See also W90-09997) 
(Rochester-PTT) 


W90- 10006 


POLYCHLORINATED BIPHENYLS: OCCUR- 
RENCE AND TREATMENT IN MUNICIPAL 
AND INDUSTRIAL WASTES (JAN 77 - AUG 


National Technical Information Service, Spring- 

field, VA. 

For primary bibliographic entry see Field 5D. 
- 10032 


DEPARTMENT OF DEFENSE INSTALLATION 
RESTORATION PROGRAM: REMEDIAL 
ACTION ON WASTE DISPOSAL SITES (OCT 
80 - OCT 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-850595. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
November 1989. 171Ip. 


Descriptors: *Bibliographies, *Cleanup operations, 
*Hazardous wastes, *Site remediation, *Waste dis- 
posal, Military reservations, Public health, Site se- 
lection. 


This bibliography contains citations concerning the 
Department of Defense Installation Restoration 
Program for remedial action on DOE waste dis- 
posal sites. This program identifies past Depart- 
ment of Defense waste disposal sites and proposes 
plans to eliminate associated hazard to public 
health and the environment. Identification of de- 
fense installations, waste disposal sites, confirma- 
tion--through environmental surveys--of environ- 
mental contamination or hazard, recommendations 
regarding remedial actions, and research into re- 
medial technology and hazardous waste toxicology 
are discussed. Most sites discussed are currently at 
the point of confirmation of contamination. Super- 
fund records of decision reports on civilian sites 
are referenced in a related publication. (This new 
bibliography contains 344 citations fully indexed 
with a title list). (Author’s abstract) 

W90-10037 


ODOR POLLUTION (MAR 77 - NOV 89). 
National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-850850. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
November 1989. 95p. 


Descriptors: *Bibliographies, *Odors, *Water pol- 
lution sources, *Water quality, Air pollution, Envi- 
ronmental protection, Farm wastes, Industrial 
wastes, Industrial wastewater, Public health, 
Wastewater treatment. 


This bibliography contains citations concerning 
odorous air pollutants, and odors and tastes in 
water. Sources include agricultural and livestock 
wastes, sewage sludge, industrial wastes, vehicular 
exhausts, hospitals, and polluted water streams. 
Treatment methods, environmental protection as- 
pects, and human factors are discussed. (This up- 
dated bibliography contains 181 citations, 19 of 
which are new entries to the previous edition). 
(Author’s abstract) 

W90-10038 


ANION EXCHANGE RESINS: STRUCTURE, 
FORMULATION, AND APPLICATIONS (JAN 
77 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field SF. 
W90-10042 


ACID MIND DRAINAGE (JAN 77 - JAN 89). 

National Technical Information Service, Spring- 

field, VA. 

For primary bibliographic entry see Field 5B. 
90-10046 


LEACHATE TREATMENT (JAN 77 - APR 89). 


National Technical Information Service, Spring- 
field, VA. 
For primary bibliographic entry see Field 5D. 
W90-10057 


BIODETERIORATION OF OIL SPILLS (JAN 
70 - APR 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-861611. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
May 1989. 105p. 


Descriptors: ‘*Bibliographies, *Biodegradation, 
*Cleanup operations, *Fate of pollutants, *Oil 
spills, Cold regions, Composting, Hydrocarbons, 
Microbial degradation, Oil pollution, Temperature. 


This bibliography contains citations concerning the 
degradation of petroleum products, including hy- 
drocarbons, oil spills, and beach pollution. Micro- 
bial degradation of petroleum products on land, on 
the surface of the water, and underwater are dis- 
cussed. Composting techniques and genetic engi- 
neering to facilitate oil degradation are briefly 
cited. The effect of cold climates on degradation 
speeds is studied. (This updated bibliography con- 
tains 213 citations, 13 of which are new entries to 
the previous edition). (Author’s abstract) 
W90-10058 


LEACHATE TREATMENT (JAN 72 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 
For primary bibliographic entry see Field SD. 
W90- 10064 


WATER RESOURCES RELATED TO MINING 
AND  ENERGY-PREPARING FOR THE 
Proceedings of the Symposium. American Water 
Resources Association, Bethesda, Maryland. 1987. 
552p. Edited by Richard F. Dworsky. 


Descriptors: *Energy sources, *Mine wastes, 
*Public rights, *Public waters, *Water pollution 
prevention, *Water pollution treatment, *Water 
quality standards, *Water resources development, 
*Water resources management, Conferences, Data 
acquisition, Energy costs, Symposium, Water qual- 
ity management. 


The symposium focus was on the use of past and 
present experiences to prepare for future develop- 
ment and use of water resources for mining and 
energy. The first section of the Proceedings in- 
cludes papers on data acquisition and utilization , 
and some information sources for identifying needs 
and issues in mining and energy development. The 
second section contains papers on planning and 
management related to mining and energy devel- 
opment, oriented towards the public sector and the 
administration of the public lands. The third sec- 
tion contains papers relating to mitigation actions 
in the boom and bust cycle. The fourth section 
focuses on the water resources and their relation- 
ship with technology, assessments and prediction 
of the impact of mining and energy. The fifth 
section illustrates some of the conflicts and prob- 
lems relating to water quality and water quality 
research. The sixth section focuses on techniques 
and factors dealing with water quality and water 
quality research. The final section concerns the 
technical aspects of mitigation and reclamation in 
post development situations. (See W90-10069 thru 
W90-10103) (Brunone-PTT) 

W90-10068 


AREAS OF CRITICAL ENVIRONMENTAL 
CONCERN: A MANAGEMENT OPTION FOR 
SENSITIVE GROUNDWATER RECHARGE 
ZONES. 

Bureau of Land Management, Worland, WY. 

D. L. Stout, G. W. Rosenlieb, and S. S. Barrell. 
IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 





ciation, Bethesda, Maryland. 1987. p 105-114. 2 fig, 
1 tab, 8 ref. 


Descriptors: *Aquifer management, *Area of Criti- 
cal Concern, *Groundwater recharge, *Regula- 
tions, *Water conservation, *Water pollution pre- 
vention, Bureau of Land Management, Confined 
aquifers, Drilling, Federal Land Management and 
Policy Act, Groundwater pollution, Karst, Land 
use, Logging, Public lands, Resources manage- 
ment, Water quality management. 


The management of aquifer recharge areas is often 
delayed until long after water well fields are devel- 
oped. The management of extensive geologic out- 
crops may involve restricting conflicting land uses 
and require extensive coordination with several 
jurisdictions. The Area of Critical Environmental 
Concern (ACEC) designation authorized by the 
Federal Land Management and Policy Act of 1976 
was used to identify and emphasize the manage- 
ment of the proposed Spanish Point Karst ACEC 
in the Bureau of Land Management (BLM) Wa- 
shakie Resource Area. The proposed ACEC is in 
an area of sensitive karstic recharge areas to the 
artesian Paleozoic Madison aquifer of the Bighorn 
Basin in north central Wyoming. An ACEC man- 
agement plan would guide existing and future land 
uses in a way that would protect the quality of 
water entering karstic waterways, thus reducing 
the potential for groundwater contamination. Po- 
tential future land uses include mining of tar sand 
deposits, logging and exploratory oil and gas drill- 
ing. The process of identifying an ACEC, as well 
as alternatives for ACEC management developed 
through the Bureau’s Resource Management Plan- 
ning process, is presented as one option for manag- 
ing sensitive recharge areas on public lands where 
other economic enterprises and land uses exist or 
are contemplated. (See also W90-10068) (Author’s 
abstract) 

W90-10075 


PROTECTION OF WATER RESOURCES 
FROM OIL AND GAS PRODUCED WATER 
DISPOSAL. 

Bureau of Land Management, Denver, CO. Colo- 
rado State Office. 

S. Vandas, and P. Summers. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 123-138. 1 fig, 
2 tab, 12 ref. 


Descriptors: *Groundwater pollution, *Ground- 
water quality, *Oil wastes, *Path of pollutants, 
*Regulations, *Waste disposal, *Wastewater dis- 
posal, *Water pollution prevention, *Water pollu- 
tion sources, Conservation, Drilling, Groundwater 
movement, Injection wells, Oil industry, Waste 
characteristics. 


The Bureau of Land Management (BLM) is re- 
sponsible for the administration and leasing of all 
federally owned oil and gas resources. BLM is also 
required to protect and maintain the quality of the 
water resources of public lands. Through the BLM 
planning process lands are identified as having 
potential for oil and gas leasing. Some of these 
areas require special stipulations to protect various 
resource values; oil and gas leasing may be pre- 
cluded in environmentally sensitive areas. The pro- 
tection of water resources is a primary consider- 
ation of the BLM’s oil and gas leasing program. 
The disposal of produced water from developed 
leases has a great potential for impacting the exist- 
ing water resources. Produced water can be dis- 
posed of by underground injection, discharged into 
surface impoundments, or other acceptable meth- 
ods. Several Federal laws and regulations dictate 
methods for the disposal of produced water. 
Within a broad regulatory framework, BLM must 
make numerous decisions concerning not only 
where to lease, but how to dispose of produced 
waters. BLM’s planning system as it relates to oil 
and gas leasing is presented, with a discussion of 
regulations concerning the disposal of produced 
waters, and several analytical techniques are pro- 
vided to make predictions about the potential 
movement of contaminants. The process evaluates 
the unsaturated zone, the availability of ground 
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water, the waste hazard potential, the existing 
ground water quality, and the overall ground 
water contamination potential. These methods pro- 
vide land managers with the information necessary 
to ensure proper disposal of oil/gas field drilling 
waters. (See also W90-10068) (Brunone-PTT) 
W90-10077 


PERMITTING A GOLD PLACER MINE 
WITHIN THE CAPITAL CITY OF MONTANA, 
PROCESSES AND PROBLEMS. 

Jones and Associates, Helena, MT. 

K. R. Jones. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
— Bethesda, Maryland. 1987. p 149-163. 6 fig, 
3 ref. 


Descriptors: *Acid mine drainage, *Groundwater 
pollution, *Mine wastes, *Permits, *Placer mining, 
*Public opinion, *Water pollution prevention, 
Computer models, Helena, Montana, Water pollu- 
tion. 


The permitting of a placer gold mine inside the 
city limits of Helena, the capital of Montana, pre- 
sented unusual problems in the presentation of 
technical information to the general public and city 
Officials. Although placer mining and processing is 
not generally considered to be a groundwater pol- 
lution threat, major concerns arose during the 
review process over the potential for groundwater 
contamination and depletion. The water resources 
concerns were generally based on locally visible 
problems caused by historic mining activities. 
Local historic problems have included acid mine 
drainage, unreclaimed, metal laden tailings and un- 
reclaimed placer mines. Several public meetings 
were held in which the mine company attempted 
to explain the nature of the mine and its water 
supply system. During these meetings it was neces- 
sary to educate the public about placer mining and 
processing before the concerns could be addressed. 
In order to obtain approval from the city staff, 
which was unfamiliar with mining systems, an 
education process was needed. This education 
process was aided by the use of computer model- 
ing to project the impacts to the regional water 
supply in terms of both quality and quantity. (See 
also W90-10068) (Author’s abstract) 

W90-10078 


SURFACE AND GROUND WATER PROTEC- 
TION AS RELATED TO PUBLIC MINERALS. 
Bureau of Land Management, Washington, DC. 
Div. of Minerals Environmental Assessment. 

L. C. Koss. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 165-171. 2 ref. 


Descriptors: *Coal mining, *Groundwater man- 
agement, *Groundwater pollution, *Regulations, 
*Surface Mining Control and Reclamation, *Water 
pollution prevention, *Water resources manage- 
ment, Energy Mineral Rehabilitation Information, 
Geohydrology, Governmental interrelations, Hy- 
drologic data collections, Land reclamation, Math- 
ematical models, Surface-groundwater relations. 


The Bureau of Land Management’s (BLM) in- 
volvement with surface and groundwater concerns 
both protection and supply (development). Hydro- 
logic activities in the Bureau are divided among 
lands and renewable resources programs and 
energy and mineral resources programs. While 
water is an element in most Bureau programs (and 
interrelated between programs), activity in hydrol- 
ogy during the period between 1975 and 1984 has 
been greatest in the Solid Minerals Leasing Divi- 
sion. The historical development of BLM’s recent 
experience with the need by the Department of 
Interior to collect hydrologic information (known 
as the Energy Minerals Rehabilitation Information 
Analysis Program (EMRIA) and later as Technical 
Investigations for coal leasing) led to the develop- 
ment of a Precipitation/Runoff Modeling System 
for use in the Federal Coal Management Program 
(FCMP). At the time FCMP was being developed, 
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the Surface Mine Reclamation and Enforcement 
Act (SMCRA) was approved by Congress, result- 
ing in the formation of the Office of Surface 
Mining (OSMRB), a new set of regulations and a 
new level of cooperation between Federal and 
State agencies concerning Federal coal ownership 
and protection of water resources. SMCRA’s hy- 
drologic responsibilities on Federal coal lands are 
divided between three Department of Interior 
agencies (BLM, the United States Geological 
Survey, and OSMRE). The USGS is the predomi- 
nant agency conducting the data collection, analy- 
sis, and interpretation of coal hydrology informa- 
tion. The majority of the study area is centered in 
the Colorado/Wyoming/Montana parts of the 
Green River-Hams Fork and Powder River Feder- 
al Coal Regions. Efforts have shifted in recent 
years from predominantly surface water studies to 
groundwater studies, including geochemistry of 
the spoil areas and groundwater/surface water 
interactions. (See also W90-10068) (Author’s ab- 
stract) 

W90-10079 


IMPACT OF WATER AND MINERAL DEVEL- 
OPMENT PROJECTS ON A RURAL COMMU- 
NITY AND ITS EDUCATION PROGRAMS. 

T. J. Abplanalp. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 225-230. 


Descriptors: *Community development, *Drilling, 
*Economic aspects, *Oil industry, *Project plan- 
ning, *Utah, *Water conservation, Lagoons, Star- 
vation Dam, Wastewater disposal, Water treat- 
ment. 


A Federal Water Conservation Project and the 
development of an oil field drilling project impact- 
ed upon a rural city (Duchesne) and county (Du- 
chesne County) in northeastern Utah. From 1966 
to the 1980’s, a long planned-for water conserva- 
tion program known as the Central Utah Project 
came into being followed by and overlapping with 
a very successful oil drilling project. With an in- 
crease in population caused by the oil drilling 
project, the community took several actions: trailer 
courts were licensed, facilities were provided for 
rental, businesses expanded, prices on almost ev- 
erything soared, employment opportunities in- 
creased, and money flowed freely. The Duchesne 
County school district expanded, as did local 
towns and cities. The Duchesne City administra- 
tion obtained federal funding to build a lagoon 
system for sewage disposal. Water systems were 
upgraded and as the Starvation Dam was complet- 
ed, a contract was entered with the Water Conser- 
vancy District for construction of a water purifica- 
tion plant to serve Duchesne City and surrounding 
areas. (See also W90-10068) (Brunone-PTT) 
W90-10080 


WATER POLLUTION MITIGATION IN TWO 
NATIONAL PARK SERVICE UNITS AFFECT- 
ED BY ENERGY AND MINING ACTIVITIES. 
National Park Service, Fort Collins, CO. Water 
Resources Div. 

M. Flora, S. Kunkle, and D. Kimball. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 231-238. 3 fig, 
1 tab, 9 ref. 


Descriptors: *Artificial wetlands, *Florida, 
*Groundwater pollution, *Mine wastes, *Monitor- 
ing wells, *Oil industry, *Pennsylvania, *Water 
pollution, *Water pollution prevention, *Water 
quality, Aquifers, Barriers, Calcium, Chlorides, 
Conductivity, Hydrogen ion concentration, 
Metals, Plant growth, Sulfates, Vegetation re- 
growth. 


The water resources of a number of National Park 
units are affected by water quality degradation 
resulting from oil and gas development and ripari- 
an zone disturbance, sediment loading, and by 
water quality degradation associated with mining 
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operations. The suitability of an artificial bag to 
mitigate acid mine drainage impacts from an aban- 
doned coal mine which flows into Friendship Hill 
National Historic Site (Pennsylvania). Studies de- 
termined which plant species could survive in pH 
2.6 water and could reduce the acidity, metals and 
sulfate concentrations. Low-level control barriers 
were constructed to impound water and maintain 
the desired level, bales of hay were placed as an 
organic substrate in the wetland’s flow, and the 
plants (peat moss, cattail, and hardstem bullrush) 
were planted. Testing of the plant growth and 
survival will continue during 1987. Water quality 
monitoring will evaluate pH, acidity, conductivity, 
calcium, sulfate, and metals to observe changes in 
water quality. A research effort helped in mitigat- 
ing groundwater contamination resulting from 
shallow surface impoundments that store drill cut- 
tings and produced water generated during oil well 
drilling in Big Cypress National Preserve in Flori- 
da. Four monitoring wells were located between 
15 m and 225 m downgradient from a mud reten- 
tion pit; two other wells served as controls. Shal- 
low wells of 0.4 m depth were used to monitor 
conductivity, chloride, sodium, pH and oil and 
grease in the root zone of the cypress, while deep 
wells of 2.7 m documented these water quality 
parameters in the upper zone of the groundwater 
aquifer. Chloride concentrations peaked at 1380 
mg/L approximately 18 months after the contami- 
nation event and may exceed 500 mg/L for at least 
three years following this contamination. (See also 
W90-10068) (Brunone-PTT) 

W90- 10081 


TECHNOLOGICAL PROGRESS IN 
PLACER MINING OPERATIONS. 

L. F. Simmons. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 239-246. 18 
ref. 


ALASKA 


Descriptors: *Alaska, *Mineral industry, *Placer 
mining, *Wastewater treatment, *Water conserva- 
tion, *Water pollution prevention, Bypass chan- 
nels, Chemical coagulation, Filtration, Floccula- 
tion, Industrial wastewater, Industrial water, Set- 
tling basins. 


The Alaska placer mining industry is under pres- 
sure to become cleaner, more efficient, and more 
economical. Because this grassroots industry is im- 
portant for Alaska, much time and money has been 
spent in trying to resolve the conflicts. The ulti- 
mate goal is to have gold mining and clean water. 
During the last decade, technological advances 
have been made in the industry, including water 
reduction methods, both in the washing processes 
and in the effluent volumes, and improved 
wastewater treatment designs. Most operations 
now have some combination of settling ponds, 
stream water bypasses, and water use reduction 
machinery. Several miners are also trying such 
advanced wastewater treatment techniques as 
chemical coagulants and flocculants, hydrocy- 
clones, and overland and subsurface filtration. (See 
also W90-10068) (Author’s abstract) 

W90-10082 


TAR CREEK: DIVERSION EFFORTS TO- 
WARDS AN UNPOLLUTED FUTURE. 

Black and Veatch, Kansas City, MO. 

D. S. Malone, J. S. Walstrom, and R. Jarman. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 299-308. 3 fig, 
2 ref. 


Descriptors: *Acid mine drainage, *Groundwater 
pollution, *Mineral industry, *Mining, *Oklahoma, 
*Public health, *Tar Creek, *Wastewater treat- 
ment, *Water pollution sources, *Water pollution 
treatment, Boreholes, Diversion channels, Drink- 
ing water, Flooding, Heavy metals, National Prior- 
ities List, Water pollution prevention. 


As lead and zinc mining activities ceased in the tri- 
state area of Kansas, Oklahoma, and Missouri in 


the early 1970’s, dewatering pumps were shut off 
and mine cavities became flooded. By 1979, acid 
mine water from the mines began to surface 
through abandoned mine shafts and boreholes. The 
Oklahoma Water Resources Board, in conjunction 
with the Tar Creek Task Force, began investiga- 
tions into the pollution problem in 1980. In Octo- 
ber 1981, Tar Creek was included among the sites 
on the National Priorities List under the Compre- 
hensive Environmental Response, Compensation, 
and Liability Act of 1980. Remedial investigations 
and feasibility studies were conducted in 1982 and 
1983. These studies produced seven alternatives to 
mitigate the threat to public health: (1) no action; 
(2) plug abandoned deep water wells; (3) surface 
water diversion; (4) alternative drinking water sup- 
plies; (5) discharge treatment of surface waters; (6) 
in situ treatment of mine water; and (7) collection 
and treatment of mine water. Deep water wells 
were plugged, diversion dikes were constructed 
around subsidence features, and streams were re- 
routed to combat the pollution problem. Health 
hazards remain, but a major step has been taken to 
reduce the adverse impacts imposed by prior 
mining activities. (See also W90-10068) (Author’s 
abstract) 

W90-10087 


WATER FOR MINERAL DEVELOPMENT: AC- 
QUISITION AND DEVELOPMENT OF THE 
RIGHT. 

Vranesh and Raisch, Boulder, CO. 

For primary bibliographic entry see Field 6E. 
W90-10092 


GROUND WATER QUALITY PROTECTION, 
MINING, AND MINING FACILITIES IN 
UTAH. 

Utah Bureau of Water Pollution Control, Salt 
Lake City. 

R. P. Barnes. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 395-401. 1 ref. 


Descriptors: *Groundwater, *Mineral industry, 
*Mining, *Project planning, *Utah, *Water pollu- 
tion control, *Water pollution sources, *Water re- 
source management, Sulfides, Waste disposal, 
Wastewater pollution. 


Utah’s groundwater resources are extremely im- 
portant to the health and economic well-being of 
the state’s citizens. As a state second only to 
Nevada in aridity, Utah depends heavily on 
groundwater sources for water for the public, in- 
dustry and agriculture. Groundwater furnishes 
about 20% of the state’s total water needs and 66% 
of the public supplies. To protect this water source 
for current and future users. Utah has developed a 
Groundwater Policy and initiated the development 
of a groundwater quality protection strategy. In- 
cluded in the strategy development process was an 
assessment of the effects that mining and associated 
activities can have on groundwater quality. The 
effect mining has on groundwater quality depends 
on the minerals, the mining method, the ore proc- 
essing, and the method of disposal for waste rock, 
tailings, and excess mine and mill waters. Sulfide 
minerals will oxidize to form soluble sulfates and 
sulfuric acid when exposed to the air. Under- 
ground, open pit, and solution mines differ in their 
impact on groundwater quality as do the different 
ore processing methods (conventional, heap leach, 
solar evaporation, etc.). Finally, the methods se- 
lected for waste disposal are a major determinant 
of the impact on groundwater quality by mining 
operations. In the future, mining companies will 
need to give increased consideration to protecting 
groundwater and other resources by designing in 
features to protect these resources from degrada- 
tion. (See also W90-10068) (Author’s abstract) 
W90- 10094 


BIOHYDROMETALLURGICAL APPROACH 
TO SELENIUM REMOVAL. 

Bureau of Mines, Salt Lake City, UT. Salt Lake 
City Research Center. 

For primary bibliographic entry see Field 5D. 
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PLACER MINING AND SURFACE DISTURB- 
ANCE ON PUBLIC LANDS IN ALASKA: TECH- 
NICAL ASPECTS OF MITIGATION AND REC- 
LAMATION. 

Bureau of Land Management, Anchorage, AK. 
Alaska State Office. 

T. C. Mowatt. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 453-481. 7 ref. 


Descriptors: *Aiaska, *Erosion control, *Mine 
drainage, *Placer mining, *Site remediation, 
*Wastewater treatment, *Water pollution preven- 
tion, Bank stabilization, Fish management, Flood 
channels, Mine wastes, Revegetation, Sediment 
control, Settling basins, Topsoil. 


The role of the Bureau of Land Management in 
preventing ‘unnecessary or undue degradation’ of 
federal lands in Alaska by placer mining involves 
the management of surface-disturbing activities 
through the use of performance standards. The 
principal considerations of the Bureau’s program 
are as follows: (1) saving and re-spreading of top- 
soil materials; (2) control of toxic substances; (3) 
control of sediment discharge; (4) continuing stabi- 
lization, reshaping, and contouring to blend with 
surrounding landscapes and to minimize ponding 
and/or erosion; (5) provision for fish, wildlife, and 
human passage during and after operations, and 
rehabilitation of habitat; (6) stabilization of all 
slopes or river banks cut or filled during oper- 
ations; and (7) revegetation of all disturbed lands. 
The objective of stream and floodplain rehabilita- 
tion is the stabilization of the active stream channel 
and the provision of the proper configuration, size 
and profile to safely pass a 2 yr flood event. If fish 
are present, rehabilitation should be planned to 
provide desirable fish habitat. Drainage control on 
the site should divert clean water around an oper- 
ation, as well as retaining and treating any oper- 
ations-related sediment-laden water within the site. 
The use of settling ponds has been the principle 
technique use to prevent degradation of water 
quality for many mining and other types of oper- 
ations in Alaska. The types of ponds used in water 
treatment strategies include: (1) settling ponds with 
outlet; (2) filter ponds; and (3) coagulation ponds. 
The Bureau should continue to monitor reclaimed 
sites until reclamation is deemed to be complete, 
ie. until vegetation has recovered to prevent the 
disturbed area from eroding and polluting streams 
in the future. (See also W90-10068) (Brunone-PTT) 
W90-10099 


MANAGING DRILLING WASTES IN A 
NORTHERN ENVIRONMENT. 

Alaska State Dept. of Environmental Conserva- 
tion, Anchorage. 

For primary bibliographic entry see Field 5E. 
W90-10101 


GROUND WATER MONITORING AND REME- 
DIATION AT A TAILINGS IMPOUNDMENT 
IN NORTHWEST MONTANA. 

Jones and Associates, Helena, MT. 

K. R. Jones. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 509-523. 5 fig, 
15 ref. 


Descriptors: *Antimony, *Arsenic, *Groundwater 
pollution, *Mine wastes, *Waste disposal, *Water 
pollution treatment, In situ treatment, Landfills, 
Lysimeters, Monitoring wells, Montana, Sampling. 


The disposal of process fluids from an antimony 
refinery into a fifteen acre tailings impoundment 
was investigated to determine the effect on local 
ground and surface water. Batch leach testing indi- 
cated a leachate containing 997 mg/L antimony 
and 34.5 mg/L arsenic would be produced by the 
tailings. Although high amounts of dissolved anti- 





mony and arsenic are currently available in the 
pond fluids through groundwater intrusion and 
precipitation, the foundation of the impoundment 
and the unsaturated zone provide major attenu- 
ation for the contaminants of concern. Due to 
concerns relative to the finite capabilities of the 
attenuation zone, several remedial measures were 
investigated, including the removal of the tailings 
from the alluvial valley floor, capping the material 
in place, groundwater control, and in situ treat- 
ment. Based upon review of the alternatives, an in 
situ treatment pilot program is being initiated. The 
treatment consists of using sulfide solutions to 
cause the antimony and arsenic found in solution to 
precipitate to less soluble forms. Monitoring wells, 
suction lysimeters located in the tailings, and solids 
sampling of the treated tailings are being used to 
determine the effectiveness of the treatment. (See 
also W90-10068) (Author’s abstract) 

W90-10102 


URANIUM MILL TAILINGS REMEDIAL 
ACTION PROJECT: A RETROSPECTION. 
Weston (Roy F.), Inc., Albuquerque, NM. 

For primary bibliographic entry see Field 5B. 
W90-10103 


CIVIL ENGINEERING PRACTICE. VOLUME 
5: WATER RESOURCES/ENVIRONMENTAL. 
For primary bibliographic entry see Field 5D. 
W90- 10104 


SAND-BENTONITE LINERS: FIELD CON- 
TROL METHODS. 

Ecole Polytechnique, Montreal (Quebec). 

R. P. Chapuis. 

Canadian Geotechnical Journal CGJOAH, Vol. 
27, No. 2, p 216-223, April 1990. 9 fig, 11 ref. 
National Sciences and Research Council of Canada 
Grant U-0502. 


Descriptors: *Field tests, *Impervious soils, 
*Liners, *Waste disposal, *Water pollution con- 
trol, Infiltration, Measuring instruments, Perform- 
ance evaluation, Permeability. 


Soil-bentonite mixes are frequently used as imper- 
vious liners for waste disposal projects. These 
mixes can be controlled in the field by local perme- 
ability tests or by their global performance. The 
accuracy of in situ local tests is found to be limited 
after the thermal dilation of infiltrometers is con- 
sidered. A method is developed to analyze the 
total leakage rate and to detect hydraulically in- 
duced damage and deterioration of hydraulic de- 
fects. Finally, the use of coupled hydrometer tests 
or X-ray diffraction tests is recommended to deter- 
mine local values of bentonite content and to 
verify whether the in situ variability in bentonite 
content is similar to that provided for in the design. 
(Author’s abstract) 

W90-10173 


TOXIC SPILL INDEX (EMERGENCY RE- 
SPONSE INDEX). 

University of South Florida, Tampa. Dept. of 
Chemistry. 

For primary bibliographic entry see Field 5B. 
W90-10183 


WATER BALANCE STUDY OF TWO LAND- 
FILL COVER DESIGNS FOR SEMIARID RE- 
GIONS. 

Los Alamos National Lab., NM. Environmental 
Science Group. 

For primary bibliographic entry see Field SE. 
W90-10191 


SELENIUM IMMOBILIZATION IN A POND 
SEDIMENT AT KESTERSON RESERVOIR. 
Golder Associates, Inc., Alameda, CA. 

R. H. B. Long, S. M. Benson, T. K. Tokunaga, and 
A. Yee. 

Journal of Environmental Quality JEVQAA, Vol. 
19, No. 2, p 302-311, April/June 1990. 9 fig, 2 tab, 
30 ref. Department of Energy Contract DE-AC03- 
76SF00098. 
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Descriptors: *California, *Fate of pollutants, *Kes- 
terson Reservoir, *Lakes, *Path of pollutants, 
*Ponds, *Sediments, *Selenium, *Water pollution 
treatment, Agricultural runoff, Geochemistry, 
Groundwater pollution, Lake restoration, Reser- 
voirs, Wastewater disposal. 


Contamination of Kesterson Reservoir, California, 
with selenium-laden agricultural drain water was 
the basis for a study of a remedial measure involv- 
ing permanent flooding with low-Se water. It was 
believed that the low Se solubility under reducing 
conditions would limit Se movement into ground- 
water and biota. Monitoring devices and ground- 
water monitoring wells were installed before 
flooding of a 38.6-ha pond of the reservoir. Five of 
the 9 sites were flooded over a 4 to 5-day period 
following introduction of water into the pond. 
Within the first week, water ponded to depths of 
0.1 to 0.5 m, eventually stabilizing at 0.2 to 0.6 m. 
Overall, ponded conditions existed from 200 to 300 
days, depending on the site. Pond water total Se 
concentrations generally remained below 100 mi- 
crogram/liter. Aithough initial soluble Se concen- 
trations of soil water in the top 1.22 m of soil were 
typically 1000 to 3000 microgram/liter, Se concen- 
trations declined dramatically after flooding. Ele- 
vated concentrations were found at only one of 
five sampling sites. In the top 1.22 m, 66 to 108% 
of the initial soluble Se was immobilized shortly 
after flooding. Groundwater Se levels were gener- 
ally <10 microgram/liter before flooding. At one 
site, an increase in total Se was observed to 322 
microgram/liter 4.5 months after flooding; the 
level returned to 16 microgram/liter 8 months 
later. Groundwater at another site reached a high 
of 20 microgram/liter and eventually returned to 
<5 microgram;liter. The Se levels at the other 
three groundwater monitoring sites did not exceed 
5 microgram/liter. The extent to which Se immo- 
bilization occurred correlated inversely with aver- 
age pore water velocity. The reducing conditions 
present in the newly flooded soil led to microbial 
transformation of selenate to less soluble or less 
mobile forms. (Cassar-PTT) 

W90-10194 


TREATMENT OF CHLORDANE-CONTAMI- 
NATED WATER BY THE ACTIVATED ROTAT- 
ING BIOLOGICAL CONTACTOR. 

Oklahoma Univ., Norman. Dept. of Civil Engi- 
neering and Environmental Science. 

For primary bibliographic entry see Field SF. 
W90-10198 


VAPORIZING VOCS. 

Michigan Technological Univ., Houghton. Dept. 
of Civil Engineering. 

N. J. Hutzler, J. S. Gierke, and B. E. Murphy. 
Civil Engineering (ASCE) CEWRAS, Vol. 60, 
No. 4, p 57-60, April 1990. 1 fig, 1 tab. 


Descriptors: *Cleanup, *Groundwater pollution, 
*Vaporization, *Volatile organic compounds, 
*Water pollution treatment, Chemical properties, 
Heterogeneity, In situ treatment, Soil decontamina- 
tion, Soil properties, Vacuum extraction. 


Vacuum extraction of volatile organic carbons 
from contaminated soil can be used in conjunction 
with other soil decontamination procedures--bio- 
logical degradation, washing, on-site or off-site 
treatment or disposal. Air extraction processes 
cause minimal disturbance of contaminated soil and 
they use standard equipment. The process can be 
used to treat larger volumes of soil than can be 
practically excavated. There is also the potential 
for product recovery. The design and operation of 
a vacuum extraction system depends on several 
variables: contamination volume, groundwater 
depth, soil heterogeneity, contaminant location and 
area development, site soil characteristics, chemi- 
cal properties, operating variables, and response 
variables. Vapor extraction is more effective at 
sites where the more volatile chemicals are still 
present--where the spill is relatively recent. A 
major problem with these systems is determining 
when the site is clean enough to cease operation. 
Soil air extraction is used in conjunction with 
groundwater pumping and treatment as a low cost 
alternative for the cleanup of petroleum and sol- 
vent spills. (Feder-PTT) 
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W90-10213 


FEDERAL FARM POLICY AND WATER 
QUALITY. 

Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

For primary bibliographic entry see Field 6B. 
W90-10225 


PLANTING FLEXIBILITY: IMPLICATIONS 
FOR GROUNDWATER PROTECTION. 
Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

I. McCormick, and K. A. Algozin. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 379-383, September/October 
1989. 3 fig, 16 ref. 


Descriptors: *Farm management, *Farms, *Land 
use, *Nonpoint pollution sources, *Public policy, 
*Water pollution control, Agricultural chemicals, 
Agricultural water, Economic aspects, Economic 
impact, Farm wastes, Fertilizers, Groundwater 
pollution, Groundwater quality, Leaching, Legisla- 
tion, Pesticides, Policy making, Water conserva- 
tion, Water quality. 


Attention has focused on provisions of the Food 
Security Act of 1985 that may affect planting 
decisions, resulting in cropping practices that re- 
quire intensive applications of commercial fertiliz- 
ers and pesticides. Modification of such provisions 
would benefit groundwater quality by reducing the 
leaching of agricultural chemicals into groundwat- 
er. Crop selection obligations included in farm 
legislation can be an obstacle to certain crop rota- 
tions. The use of crop rotations can lead to im- 
provements in soil fertility, pest management and 
disease control that reduce commercial fertilizer 
and pesticide use. The use of such chemicals on the 
farm influences the potential for such chemicals to 
reach the groundwater. Planting flexibility is the 
modification of program provisions that offer com- 
modity program participants a wider choice of 
crops to plant on their eligible crop acreage base. 
Many interacting factors, such as the availability of 
planting alternatives, the relative profitability of 
crops, and the influence of other program provi- 
sions will influence producer responsiveness to any 
planting flexibility option. Areas where ground- 
water is most vulnerable to pesticide leaching and 
where commodity programs may limit the choice 
of cropping patterns are identified. Planting flexi- 
bility appears to offer the greatest potential within 
the central feed grains region, the northern Great 
Plains spring wheat region and the Mississippi 
Delta cotton and feed grain region. The benefits 
and resulting tradeoffs of planting flexibility provi- 
sions should be evaluated and require further re- 
search. (Hoskin-PTT) 

W90-10226 


COORDINATED RESOURCE MANAGEMENT 
AND PLANNING: THE CASE OF THE MIS- 
SOURI FLAT CREEK WATERSHED. 

Des Moines, IA. 

D. Osterman, F. Steiner, T. Hicks, R. 
Ledgerwood, and K. Gray. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 403-406, September/October 
1989. 2 fig, 22 ref. 


Descriptors: *Farms, *Land use, *Nonpoint pollu- 
tion sources, *Soil conservation, *Washington, 
*Water pollution control, *Watershed manage- 
ment, Economic aspects, Economic impact, Farm 
management, Land management, Legislation, 
Policy making, Public policy, Soil erosion, Soil 
management, Water conservation. 


One of the central provisions of the Food Security 
Act of 1985 is conservation compliance, which 
requires landowners to have an approved conser- 
vation plan to remain eligible for federal agricul- 
tural benefits. Preparation of conservation plans 
has placed a significant workload on federal staff 
and local conservation districts. One approach to 
alleviate such problems is group planning, in 
which groups of landowners are brought together 
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to learn about conservation compliance and to 
initiate individual plans. In Washington State, the 
geographical unit of the watershed is the focus of 
this approach. The background, planning process 
and the resulting conservation plan of a particular 
watershed, the Missouri Flat Creek Watershed, is 
described. The goal of the Missouri Flat Creek 
Watershed Plan is to reduce and ultimately elimi- 
nate sediment in the Missouri Flat Creek. The 
three objectives for attaining the plan goal include 
problem awareness, providing awareness of solu- 
tions and implementing solutions. The implementa- 
tion of the plan involved the use of educational and 
technical assistance, cost-sharing programs and the 
conservation provisions of the Food Security Act. 
The resulting increased awareness, education and 
cooperation within the watershed community oc- 
curred in less than one year and has enabled the 
farmers to reach consensus on the goals of soil 
conservation and resource management in the wa- 
tershed. (Hoskin-PTT) 

W90-10227 


BEYOND SWAMPBUSTER: A PERMANENT 
WETLAND RESERVE. 

Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

For primary bibliographic entry see Field 6E. 
W90-10228 


CROSS COMPLIANCE AND WATER QUAL- 
ITY PROTECTION. 

Pennsylvania State Univ., University Park. Dept. 
of Agricultural Economics and Rural Sociology. 
D. G. Abler, and J. S. Shortle. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 453-454, September/October 
1989. 3 ref. 


Descriptors: *Farm management, *Nonpoint pollu- 
tion sources, *Public policy, *Water pollution con- 
trol, Agricultural chemicals, Agricultural water, 
Economic aspects, Economic impact, Farm 
wastes, Fertilizers, Groundwater pollution, 
Groundwater quality, Land use, Legislation, Pesti- 
cides, Policy making, Surface water, Water conser- 
vation, Water quality. 


A farm bill to replace the Food Security Act of 
1985 may include extended cross compliance meas- 
ures. These measures would require farms to de- 
velop and follow agricultural management plans to 
protect groundwater and surface water from agri- 
cultural pollutants or lose commodity program 
benefits. There is no reason to expect cross compli- 
ance to achieve a desirable level or allocation of 
pollution control among farms because there is no 
guarantee that environmental offenders will be par- 
ticipants in commodity programs. For example, 
during periods of high market prices, when incen- 
tives to apply more agricultural chemicals to boost 
production are greatest, incentives to participate in 
commodity programs are at their lowest. Crops 
planted on erodible land, such as soybeans, often 
generate high cash receipts and thus their cultiva- 
tion is not susceptible to being influenced by cross 
compliance measures. A more sensible approach is 
to extend federal and state water quality programs 
to agriculture. Programs should be designed to 
achieve and maintain desired water quality levels 
in a reasonably cost-effective and equitable 
manner. Existing instruments that could be imple- 
mented individually or in combinations to reduce 
agricultural pollutants include taxes or regulations 
on the use of polluting inputs, subsidies for the use 
of inputs used for reducing pollution, regulation of 
management practices and taxes or regulations on 
estimated pollution runoff. Such pollution control 
instruments should focus attention of key issues, 
such as water quality, agriculture’s relation to it, 
and the private and social costs and benefits of 
pollution control. (Hoskin-PTT) 

W90-10229 


CLEAN WATER, CLEAR CHOICES: AN 
ACTION AGENDA FOR AMERICAN AGRI- 
CULTURE. 

For primary bibliographic entry see Field 6E. 
W90-10230 


NITRATE GROUNDWATER STANDARD FOR 
THE 1990 FARM BILL. 
Maryland Univ., College Park. Dept. of Agrono- 


my. 

W. L. Magette, R. A. Weismiller, J. S. Angle, and 
R. B. Brinsfield. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 491-494, September/October 
1989. 1 fig, 4 tab, 23 ref. 


Descriptors: *Farms, *Fertilizers, *Groundwater 
pollution, *Groundwater quality, *Nitrates, *Non- 
point pollution sources, *Public policy, *Water 
pollution control, *Water quality standards, Agri- 
cultural chemicals, Agricultural water, Aquifers, 
Coastal aquifers, Coastal plains, Farm manage- 
ment, Land use, Legislation, Policy making, Water 
conservation, Water quality. 


Overuse of fertilizer and/or animal wastes has been 
cited as the reason for elevated nitrate concentra- 
tions in groundwater in agricultural areas. In coast- 
al plain regions of the United States and in other 
areas where farming practices are conducted over 
aquifers in unconsolidated sediments, nitrate con- 
tamination may occur primarily as a result of cli- 
matic abnormalities even when nutrients are used 
according to recommended practices. Water qual- 
ity standards are often cited as a way to protect 
groundwater quality. Research suggests that cur- 
rent best management practices are not capable of 
allowing producers in coastal plain regions to 
always comply with a nitrate standard for ground- 
water of 10 mg/L of nitrate. (Author’s abstract) 
W90-10231 


FARMERS’ RESPONSE TO A FILTER STRIP 
PROGRAM: RESULTS FROM A CONTINGENT 
VALUATION SURVEY. 

Michigan State Univ., East Lansing. Dept. of Agri- 
cultural Economics. 

A. Purvis, J. P. Hoehn, V. L. Sorenson, and F. J. 
Pierce. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 501-504, September/October 
1989. 2 tab, 15 ref. 


Descriptors: *Erosion control, *Farm manage- 
ment, *Land use, *Nonpoint pollution sources, 
*Strip cropping, *Water pollution control, Agri- 
cultural water, Economic impact, Farms, Filter 
strips, Legislation, Policy making, Public policy, 
Sediment control, Sediment erosion, Soil erosion, 
Surveys, Water conservation, Water quality. 


Filter strips are an important addition to farm 
conservation programs. Filter strips are bands of 
cropland adjacent to streams or drainage ditches 
that are set aside from crop production and planted 
in a permanent vegetative cover. They act as a 
buffer to stop sediment from being washed into 
streams. Farmers’ willingness to participate in a 10- 
year filter strip program were measured using con- 
tingent valuation survey methods. Data indicate 
that the yearly payment offered to participants, 
farmers’ preferences, and opportunity costs make a 
difference in their decisions about participation. 
Farmers will be more likely to participate in a filter 
strip program if the rules allow haying or other 
economic uses of the enrolled cropland. (Author’s 
abstract) 

W90-10232 


EXPERIMENTAL TRANSPLANTING OF SEA- 
GRASSES IN BOTANY BAY, AUSTRALIA. 
Fisheries Research Inst., Sydney (Australia). 

For primary bibliographic entry see Field 2L. 
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NITROGEN MANAGEMENT AND NITRIFICA- 
TION INHIBITOR EFFECTS ON NITROGEN- 
15 UREA: I. YIELD AND FERTILIZER USE 
EFFICIENCY. 

Nebraska Univ., Lincoln. Dept. of Agronomy. 

D. T. Walters, and G. L. Malzer. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 115-122, January/February 1990. 
3 fig, 8 tab, 28 ref. 


Descriptors: *Crop yield, *Fertilizers, *Nitrifica- 
tion, *Nitrogen compounds, *Ureas, *Water pollu- 
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tion prevention, *Water pollution sources, Agri- 
cultural chemicals, Groundwater pollution, Irriga- 
tion management, Isotope studies, Leaching, Lysi- 
meters, Nitrapyrin, Stable isotopes. 


Nitrification inhibitors (NI) are sometimes recom- 
mended for use with ammoniacal fertilizers in corn 
(Zea mays L.) production to improve fertilizer N 
use efficiency (FUE). The objectives of this experi- 
ment were to evaluate the effects of the NI nitra- 
pyrin (2-chloro-6-(trichloromethyl) pyridine) appli- 
cation on yield and FUE of irrigated corn, and to 
monitor the fate of a single application of N15- 
enriched urea during a multiyear period in both 
soil and plant. Treatments included a factorial 
combination of two N rates (90 or 180 kg urea-N/ 
ha/yr) applied during a 3-year period, with or 
without a NI and with or without incorporation, 
plus a zero-N control. Twenty-seven nonweighing 
lysimeters were used to quantify leaching load. 
Treatment effects on yield and FUE differed each 
year due to interactions of climate and N-manage- 
ment variables. Nonincorporated urea + NI re- 
duced grain yield when leaching load was low and 
increased yield at the 90 kg/ha N rate when leach- 
ing load was high. Maximum FUE occurred at the 
90 kg/ha N rate when leaching load was low. The 
NI increased FUE only at the 90 kg/ha N rate 
when leaching load was high. Incorporation of 
urea and NI reduced plant recovery of fertilizer- 
derived N (FDN) in the year of application, but 
resulted in increased uptake of residual FDN in 
subsequent years. Incorporation of NI with moder- 
ate N rates coupled with conservative irrigation 
management should reduce the risk of yield loss 
and minimize NO3 movement to groundwater. 
(See also W90-10250) (Author’s abstract) 
W90-10249 


NITROGEN MANAGEMENT AND NITRIFICA- 
TION INHIBITOR EFFECTS ON NITROGEN- 
15 UREA: II. NITROGEN LEACHING AND 
BALANCE. 

Nebraska Univ., Lincoln. Dept. of Agronomy. 

D. T. Walters, and G. L. Malzer. 

Soil Science Society of America Journal SSSJD4, 
Vol. 54, No. 1, p 122-130, January/February 1990. 
5 fig, 7 tab, 25 ref. 


Descriptors: *Fertilizers, *Isotope studies, *Nitrifi- 
cation, *Nitrogen compounds, *Nonpoint pollution 
sources, *Ureas, *Water pollution sources, Agri- 
cultural chemicals, Irrigation management, Leach- 
ing, Lysimeters, Nitrapyrin, Percolating water, 
Soil water, Stable isotopes, Vegetable crops, Water 
pollution prevention. 


Nitrification inhibitors (NI) may reduce N leaching 
losses, and should have the greatest effect on sandy 
soils where leaching potential is high. 27 lysimeters 
were used to evaluate the effect of a NI, nitrapyrin 
(2-chloro-6(trichloromethyl) pyridine), on soil 
water percolation (SWP) and N leaching losses 
from an irrigated sandy loam soil (Typic Haplu- 
doll) planted with corn (Zea mays L.), and monitor 
the fate of a single application of N15-enriched 
urea over a multiyear period. Urea was applied at 
90 and 180 kg N/ha/yr for a 3-year period, with 
and without NI, and with and without incorpora- 
tion. Urea + NI reduced SWP between planting 
and silking in 2 out of 3 year when growing degree 
days (GDD) were high. After silking, SWP was 
reduced when urea + NI was incorporated and 
leaching load was high. A twofold increase in N 
rate resulted in an average of 3.4 times more N 
leached over 3 yr. The NI influenced time of N 
loss but not total N loss. Leaching losses of fertiliz- 
er-derived N (FDN) were delayed 25 to 50 d when 
urea + NI were incorporated. The leaching load 
required to reach the maximum rate of FDN loss 
was higher with urea + NI. Leaching losses of 
fertilizer N were three times greater when deter- 
mined by the difference method than by isotope- 
ratio analysis. Differing results with these two 
calculations are attributed to isotope dilution with 
indigenous soil N as a result of microbial activity. 
Nitrification inhibitors may reduce the potential 
for nonpoint-source pollution by delaying NO3 
leaching, but will be most effective if coupled with 
proper N rates and conservative irrigation water 





management. (See also W90-10249) (Author’s ab- 
stract) 
W90-10250 


WETLANDS. 

Commonwealth Engineering and Technology, 
Inc., Harrisburg, PA. 

For primary bibliographic entry see Field 2H. 
W90-10332 


MITIGATION OF WETLAND IMPACTS. 

W. R. Zemaitis, and G. Fleming. 

Water Pollution Control Association of Pennsylva- 
nia Magazine, Vol. 23, No. 3, p 29-3i, May/June 
1990. 1 tab, 5 ref. 


Descriptors: *Artificial wetlands, *Environmental 
impact, *Environmental protection, *Wetland res- 
toration, *Wetlands, Clean Water Act, Compensa- 
tion, Computer programs, Economic aspects, En- 
vironmental quality, Social aspects, Wildlife habi- 
tats. 


Wetland mitigation is needed to offset the destruc- 
tion or degradation of wetland values in the envi- 
ronment. Major benefits of natural wetlands in- 
clude: (1) fish and wildlife, (2) environmental qual- 
ity values, and (3) socioeconomic values. Wetland 
mitigation is the actual restoration, creation, or 
enhancement of wetlands by man, to compensate 
for permitted wetland losses. Such compensation is 
one possible alterative but it is not necessarily the 
optimal solution, because the wetland habitat 
values that are lost may never be duplicated exatly. 
In the United States, there is a growing need for 
planning and management of wetlands. Regulatory 
agencies, and a set of rules contained in the Clean 
Water Act governing wetland involvement, are 
very adamant about protecting these valuable natu- 
ral resources. Mitigation, if properly implemented 
(choosing the appropriate replacement ratio and 
optimal conditions), should adequately compensate 
for wetland values that may be lost. The objective 
of wetland replacement is to create an area at least 
functionally equivalent to that which is being im- 
pacted. Post-construction monitoring should be es- 
tablished to evaluate the success or failure of wet- 
land mitigation. The computer software package, 
Wetland Evaluation Technique, Volume II (WET 
2.0) is one of the newest monitoring methodolo- 
gies. (Dublin-PTT) 

W90-10333 


MATHEMATICAL MODELS. 

Stavebni Geologie, Prague (Czechoslovakia). 

J. Balek. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 149-172. 6 fig, 2 tab, 34 ref. 


Descriptors: *Algorithms, *Groundwater manage- 
ment, *Groundwater quality, *Mathematical anal- 
ysis, *Model studies, *Water management, *Water 
quality management, Economic aspects, Numerical 
analysis, Simulation analysis, Systems analysis. 


Mathematical modeling in groundwater quality 
management covers a range of techniques, from 
the application of algorithmized simple formulae to 
advanced numerical schemes. Each of the models 
has its place in groundwater quality management, 
and at present there is a model available for the 
solution of any groundwater quality problem. Se- 
lection of the model adequate to a given problem 
depends on several factors. Time available and 
economical budget may become decisive factors in 
many types of studies. The selection of a model 
should be based on a solid systems-approach solu- 
tion. This approach consists of: (a) identification of 
the problem to be solved; (b) identification of 
available data; (c) identification of the simulated 
system; (d) identification of constraints; (e) selec- 
tion of the model; (f) testing of the model; and (g) 
adaptation of the model. From the applied point of 
view there are three types of classification which 
can serve as guides as to when a specific problem is 
to be simulated at a certain level for a given 
purpose. These are (1) classification considering 
the process modeled; (2) classification considering 
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mathematical approach; (3) classification consider- 
ing the purpose of the models. (See also W90- 
10388) (Agostine-PTT) 

W90- 10393 


CONTROL AND MANAGEMENT OF AGRI- 
CULTURAL IMPACT ON GROUNDWATER. 

V. Kolaja, J. Vrba, and K. H. Zwirnmann. 

IN: Impact of Agricultural Activities on Ground 
Water. International Contributions to Hydrogeo- 
logy, Volume 5. Verlag Heinz GmbH, Hannover, 
West Germany. 1986. p 197-229. 5 fig, 13 ref. 


Descriptors: *Agriculture, *Groundwater pollu- 
tion, *Model studies, *Water pollution control, 
*Water pollution sources, Aquifers, Climates, De- 
cision making, Geohydrology, Groundwater man- 
agement, Rock properties, Water pollution preven- 
tion, Water quality control. 


Control and management of the agro-hydrological 
system is a complex task that requires comprehen- 
sive analysis of the physical and socio-economic 
aspects of all agricultural impacts affecting the 
groundwater resources, adoption of a system ap- 
proach, and a methodological framework for anal- 
ysis (especially monitoring and modelling) and 
control. The control of groundwater pollution re- 
sulting from agricultural activity must link investi- 
gations of the agrobiological and hydrogeological 
system. Because of the differences in the climate, 
soil, rock composition, geological structures and 
their hydrogeological properties, and farming 
practices on a regional scale, no standard control 
measures can be applied. Nevertheless, some gen- 
eral principles in the approach to solve the prob- 
lem are recommended. A review is given of the 
four main criteria which must be considered. 
These are: (1) the areal extent of the contamination 
process (point vs. non-point pollution); (2) the ca- 
pacity of contamination (potential vs. real contami- 
nation); (3) duration of contamination (temporary, 
long-term, old or recent) and (4) aquifer vulner- 
ability (shallow, deep, insulated by impermeable 
layer). Since many agricultural activities produce 
irreversible pollution of groundwater, and water 
quality rehabilitation techniques are ineffective in 
many cases, the stress in agricultural groundwater 
pollution is placed on prophylactic protection. It is 
concluded that to comprehensively analyze agri- 
cultural effects on groundwater requires consider- 
ation of both physical processes and decision-ori- 
ented aspects. (See also W90-10388) (Agostine- 


PTT) 
W90-10395 


PERFORMANCE ASSESSMENT, SITE CHAR- 
ACTERIZATION, AND SENSITIVITY AND UN- 
CERTAINTY METHODS: THEIR NECESSARY 
ASSOCIATION FOR LICENSING. 

Department of Energy, Washington, DC. 

For primary bibliographic entry see Field SE. 
W90-10405 


ROLE OF GEOSTATISTICAL, SENSITIVITY, 
AND UNCERTAINTY ANALYSIS IN PER- 
FORMANCE ASSESSMENT. 

Battelle Memorial Inst., Willowbrook, IL. Office 
of Waste Technology Development. 

A. Brandstetter, and B. E. Buxton. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 89-110. 3 fig, 2 tab, 26 ref. 


Descriptors: *Geostatistics, *Performance evalua- 
tion, *Radioactive waste disposal, *Sensitivity 
analysis, *Statistical analysis, *Uncertainty, *Un- 
derground waste disposal, *Waste management, 
Groundwater movement, Model studies, Site selec- 
tion, Statistical methods. 


The Nuclear Waste Policy Act of 1982 (NWPA) 
places the responsibility of developing and operat- 
ing a nuclear waste repository with the Depart- 
ment of Energy. This responsibility includes re- 
search and development, site selection, engineering 
design, construction, operation, and decommission- 
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ing. Studies for a first repository have been ongo- 
ing for several years, concentrating on basalt in the 
State of Washington; tuff in Nevada; and salt for- 
mations in Louisiana, Mississippi, Texas, and Utah. 
The second repository program has concentrated 
in national surveys of crystalline rocks leading to 
the recommendation for preliminary field investi- 
gations at twelve areas in seven eastern States in 
early 1986. In May of 1986, the DOE selected 
three sites as candidates for a first repository, 
namely the Deaf Smith County bedded salt site in 
Texas, the Hanford basalt site in Washington, and 
the Yucca Mountains tuff site in Nevada. In the 
United States, several Federal regulations apply to 
the siting, construction, operation, and postclosure 
safety of nuclear waste repositories. There are four 
major sources of uncertainty in performance as- 
sessment: (1) Scenario assessment; (2) Model defi- 
nition; (3) Parameter specifications, and (4) Model 
calculations. There are few formal sensitivity and 
uncertainty tools that can be used to assess the 
errors in performance estimates due to the incor- 
rect specification of scenarios: (1) Event-tree anal- 
ysis can help define the set of anticipated and 
unanticipated processes that should be considered 
in the scenario analysis; (2) peer review by a panel 
of experts can be used to judge the completeness 
and accuracy of scenarios; or (3) Monte Carlo 
sampling methods can be used to define a range of 
occurrence probabilities. At least three types of 
analyses can be conducted to assess performance 
uncertainty due to the definition of conceptual and 
mathematical models: (1) Write down a complete 
listing of all the underlying assumptions, both ex- 
plicit and implicit, for all the models used; (2) 
Perform validation studies to confirm the assump- 
tions whenever possible; (3) Develop models that 
define the range, instead of just single values, for 
each performance measure. (See also W90-10404 
(Chonka-PTT) 

W90-10408 


REGULATORY PERSPECTIVES OF CONCEPT 
ASSESSMENT. 

Atomic Energy Control Board, Ottawa (Ontario). 
For primary bibliographic entry see Field 5E. 
W90-10409 


VALIDATION OF STOCHASTIC FLOW AND 
TRANSPORT MODELS FOR UNSATURATED 
SOILS: FIELD STUDY AND PRELIMINARY 
RESULTS. 

Nuclear Regulatory Commission, 
DC. Div. of Waste Management. 

T. J. Nicholson, G. W. Gee, E. A. Jacobson, P. J. 
Wierenga, and D. J. Polmann. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 275-296. 11 fig, 18 ref. 


Washington, 


Descriptors: *Aeration zone, *Flow models, 
*Model studies, *Soil water, *Stochastic hydrolo- 
gy, *Stochastic models, Data acquisition, Data in- 
terpretation, Field tests, Hydraulic conductivity, 
Moisture tension, Numerical analysis, Soil moisture 
retention, Spatial distribution. 


The U.S. Nuclear Regulatory Commission (NRC) 
is funding a field study to collect a data base 
specially designed to validate a stochastic unsatu- 
rated flow and transport theory. The stochastic 
approach is an efficient methodology for charac- 
terizing and assessing spatial variability of the hy- 
draulic properties of soils in the unsaturated zone. 
The important hydraulic properties are the saturat- 
ed hydraulic conductivity, the specific water con- 
tent, the soil moisture content, and moisture ten- 
sion characteristics. They are derived from both 
laboratory studies using core samples and field 
measurements using permeameters, suction lysi- 
meters, and tensiometers. At the New Mexico 
State University (NMSU) field experiment station, 
an observational trench 4.8 m x 26.5 m and 6 m 
deep was excavated. Instrumentation located at 
various points from the trench face monitored the 
advancing wetting front and coincident tracers re- 
sulting from constant rate infiltration from an irri- 
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gation drip system adjacent to the trench. The 
measured hydraulic properties were analyzed, and 
directional semivariograms were developed to in- 
vestigate the statistical characteristics of the hy- 
draulic conductivity data set. The results indicated 
that the principle direction of anisotrophy corre- 
sponds to the horizontal and vertical directions of 
flow. Measured soil moisture contents and tensions 
due to the advancing wetting show qualitative 
agreement between the stochastic simulations and 
observed field data, particularly for the horizontal 
tension distributions. Full validation has yet to be 
achieved. Further field experiments are being de- 
signed and will be conducted to examine transient 
flow and transport conditions. (See also W90- 
10404) (Author’s abstract) 

W90-10418 


WATER QUALITY OF ABANDONED MINE 
RUNOFF: A CASE STUDY OF ALASKAN 
SITES. 

Harza Engineering Co., Chicago, IL. 

For primary bibliographic entry see Field 5B. 
W90-10458 


BIOTRANSFORMATION OF TRICHLOR- 
OETHANE (TCA) INGROUNDWATER. 
Washington State Univ., Pullman. Dept. of Civil 
Engineering. 

M. Y. Corapcioglu, and M. A. Hossain. 

IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. LAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 


DC. 1989. p 83-87, 2 fig, 1 tab, 15 ref. 


Descriptors: *Aquifer restoration, *Biodegrada- 
tion, *Biotransformation, *Chlorinated hydrocar- 
bons, *Fate of pollutants, *Groundwater pollution, 
*In situ treatment, *Trichloroethane, Anaerobic 
conditions, Biological treatment, Bioremediation, 
Chemical reduction, Geohydrology, Mathematical 
models, Microbial degradation, Trichloroethylene, 
Water pollution treatment. 


In-situ biological cleaning of contaminated aquifers 
is a very promising alternative to traditional reme- 
diation approaches due to lower clean-up costs and 
minimal disruption of the aquifer. Biotransforma- 
tion of dissolved chlorinated hydrocarbons can 
provide complete mineralization to harmless end 
products such as carbon dioxide. In this study, 
biotransformation and transport of trichloroethane 
(TCA) in a saturated column has been simulated by 
employing a mathematical model. The model uses 
conservation principles expressed in terms of quan- 
tification of the physical, chemical, and microbial 
processes to lead to a system of nonlinear partial 
differential equations governing the phenomenon. 
Quantification of the bioconversion process is 
achieved by Michaelis-Menten kinetic equations 
and stoichiometric equations. Respective biotrans- 
formation rates are introduced into governing 
transport equations and an approximation for a 
one-dimensional anaerobic column experiment is 
then developed from the general model. The 
model predicts the reductive dehalogenation of 
dissolved chlorinated aliphatics such as trichlor- 
oethylene and trichloroethane under anaerobic 
conditions. Numerical results are compared with 
experimenta! data from the literature concerning 
biotransformation of trichloroethane along a large 
anaerobic fixed-film column. Deviations from the 
predicted values are attributed to factors such as 
variations of nutrients, primary substrates, and bio- 
mass along the column during the course of the 
experiment. (See also W90-10501) (Author’s ab- 
stract) 

W90-10511 


UNSATURATED ZONE WATER QUALITY 
MODEL FOR MANAGEMENT OF AGRICUL- 
TURAL SYSTEMS. 

Agricultural Research Service, Fort Collins, CO. 


For primary bibliographic entry see Field 5B. 
W90-10515 


EFFECTS OF MANURE SPREADING AND 
ACID DEPOSITION UPON GROUNDWATER 


pr tel AT VIERLINGSBEEK, THE NETH- 
ERLA 
Kouringeinatioust voor Waterleidingartikelen, Rijs- 
we (Netherlands). 

. M. van Beek, F. A. M. Hettinga, and R. 
acai ade ; 
IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 
DC. 1989. p 155-162, 2 fig, 1 tab, 8 ref. 


Descriptors: *Acid rain, *Groundwater pollution, 
*Groundwater quality, *Manure, *Path of pollut- 
ants, *The Netherlands, Agricultural runoff, Agri- 
culture, Aluminum, Arsenic, Contamination, 
Groundwater chemistry, Heavy metals, Hydrogen 
ion concentration, Nickel, Nitrates, Surface- 
groundwater relations, Water quality, Well data, 
Zinc. 


The chemical composition of groundwater in the 
Netherlands is strongly influenced by heavy appli- 
cations of manure and fertilizer and by atmospher- 
ic deposition of acid and metals, among other 
processes. This results in high concentrations of 
nitrate and zinc and in a series of uncontrollable 
soil chemical reactions which may result in high 
concentrations of sulfate, heavy metals and alumi- 
num. A methodology is being developed to gener- 
ate information about future groundwater quality, 
indicating whether, which and when additional 
treatment of abstracted groundwater is necessary. 
In this paper the well field Vierlingsbeek is exam- 
ined. It is located in the southeast of the Nether- 
lands within the municipality of Vierlingsbeek and 
on originally poorly drained sandy soils close to 
the valley of the river Meuse. With data from 
monitoring wells and miniscreen wells, a descrip- 
tion of groundwater chemistry, and effects of at- 
mospheric deposition and manure upon ground- 
water quality was made. Acid deposition results in 
a low pH and high concentrations of aluminum 
and zinc, while spreading of liquid manure results 
in high concentrations of nitrate, zinc and nickel. 
Over part of the groundwater profile, nitrate, sul- 
fate, aluminum, zinc, arsenic and nickel concentra- 
tions exceed maximum admissible concentrations 
for drinking water. (See also W90-10501) (Ver- 
nooy-PTT) 

W90-10519 


EFFECTIVENESS OF HYDRAULIC METHODS 
FOR CONTROLLING GROUNDWATER CON- 
TAMINATION. 

— (S.S.) and Associates, Inc., Rockville, 


C. Zheng, M. P. Anderson, and K. R. Bradbury. 
IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 
DC. 1989. p 173-179, 6 fig, 6 ref. 


Descriptors: *Geohydrology, *Groundwater bar- 
riers, *Groundwater pollution, *Hydrologic 
models, *Intercepting ditches, *Model studies, 
*Water pollution control, *Wells, Groundwater 
movement, Hydraulic structures, Path of pollut- 
ants, Water quality control. 


By creating hydraulic barriers or sinks using facili- 
ties such as interceptor ditches, or withdrawal 
wells, the movement of contaminants in aquifers 
can be limited, eventually leading to their removal 
and cleanup. The effectiveness of hydraulic control 
under a variety of geohydrological conditions may 
be quantified by identifying the position of divid- 
ing surfaces or dividing streamlines in groundwater 
flow fields. The dividing surfaces of dividing 
streamlines, which delineate the boundaries of cap- 
ture zones, can be defined using stream function 
and particle tracking approaches. The theoretical 
framework and field applications of these ap- 
proaches are presented in this paper. In the first 
example, a stream function model was used to 
define the location of the dividing streamline as a 
means of quantifying the effectiveness of intercep- 
tor ditches in limiting the spread of agricultural 
chemicals and the influence of variable hydraulic 
conditions. In the second example, a particle track- 
ing model was applied to delineate the dividing 


surface into a three-dimensional flow field in order 
to assess the impact of different remedial scenarios 
after contamination of groundwater by chemical 
plant wastes. In order to design reliable and cost- 
effective pollution control strategies, it is important 
to predict the performance of the proposed reme- 
dial plans before they are implemented. The stream 
function and particle tracking approaches outlined 
provide a quantitative way to do so. (See also 
W90-10501) (VerNooy-PTT) 

W90-10521 


AQUIFER CONTAMINATION AND RESTORA- 
TION AT THE GLOUCESTER LANDFILL, ON- 
TARIO, CANADA. 

National Water Research Inst., 
io). 

For primary bibliographic entry see Field 5B. 
W90-10522 


Burlington (Ontar- 


ENHANCED MICROBIAL DEGRADATION OF 
STYRENE IN SHALLOW SOILS AND 
GROUND WATER. 

International Technology Corp., Knoxville, TN. 
P. D. Kuhimeier. 

IN: Groundwater Contamination. Proceedings of a 
Symposium held in Baltimore, Maryland, May 
1989. IAHS Publication No. 185. International As- 
sociation of Hydrological Sciences, Washington, 


DC. 1989. p 189-197, 4 fig, 4 tab, 6 ref. 


Descriptors: *Benzenes, *Bioremediation, *Micro- 
bial degradation, *Soil contamination, *Spills, 
*Styrene, *Water pollution treatment, Biodegrada- 
tion, Biological treatment, Environmental law, 
Geohydrology, Groundwater data, Groundwater 
pollution, Injection wells, Path of pollutants, Sur- 
face-groundwater relations. 


Recent changes in key environmental laws such as 
the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) have 
focused a considerable amount of attention on in 
situ techniq' for r iating contaminated soils 
and ground water. Unfortunately, results of most 
field testing that has been accomplished in this area 
have never been published. This paper discusses a 
tanker truck spill of styrene monomer and its ulti- 
mate removal by means of in situ bioreclamation. 
A tank truck containing 5000 gallons (18,927 liters) 
of styrene overturned on a rural highway in Ohio 
spilling over 90% of its contents onto the ground. 
Area soils consisting predominantly of sandy silts 
with moderate permeability (5 to 10 feet/sec or 1.5 
to 3 m/sec) were quickly saturated to a depth of 3 
feet (0.915 m). Approximately 400 gallons (1514 L) 
of styrene was recovered at the surface, leaving 
over 4500 gallons (17,034 L) to be degraded bio- 
logically from soils and ground water. A bench- 
scale testing program, which utilized microorga- 
nisms obtained from an industrial wastewater 
lagoon as an inoculum for styrene in soils and 
shallow ground water, included a series of injec- 
tion and recovery wells and above grade second- 
ary biological treatment within suspended growth 
reactors. A 90% reduction in styrene was achieved 
within the first 10 weeks of operation. Styrene 
concentrations exceeding 1000 ppm were reduced 
to less than 100 ppb over the 24 week lifespan of 
the project. (See also W90-10501) (Author’s ab- 
stract) 

W90-10523 
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MANAGING PUBLIC WATER SUPPLIES 
DURING DROUGHTS, EXPERIENCES IN THE 
UNITED STATES IN 1986 AND 1988. 

North Carolina Water Resources Research Inst., 
Raleigh. 

For primary bibliographic entry see Field 3D. 
W90-09513 





HYDROLOGY AND SEDIMENTOLOGY MOD- 
ELLING ON ILLINOIS AGRICULTURAL WA- 
TERSHEDS. 

Illinois Univ. at Urbana-Champaign. Dept. of Ag- 
ricultural Engineering. 

L. K. Ewing. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-173782/ 
AS. Price codes: A03 in paper copy, A01 in micro- 
fiche. Illinois Water Resources Center, Urbana- 
Champaign, WRC Research Report No. 211, 
UILU-WRC-89-211. January 1989. 22p, 6 fig, 5 
tab, 12 ref. USGS Project G-1420-04. 


Descriptors: *Agricultural runoff, *Agricultural 
watersheds, *Computer models, *Illinois, *Model 
studies, *Sediment yield, *Simulation analysis, 
Land management, Model testing, Water pollution 
sources, Water quality control, Watershed manage- 
ment. 


The CREAMS (Chemicals, Runoff and Erosion 
from Agricultural Management Systems) model 
was evaluated for predicting runoff and sediment 
delivery from central Illinois fields without calibra- 
tion. CREAMS was found to be fairly accurate in 
predicting annual runoff and sediment delivery, if 
parameter values were based on the best available 
information. The violation of the assumption of 
applying CREAMS to fields having uniform char- 
acteristics, was not critical if weighted averages 
for parameter values on runoff and sediment deliv- 
ery of a field. The effect of variations in parameter 
values were used in expressing the variability of a 
field. The effect of variations in parameter values 
on runoff and sediment delivery predicted by 
CREAMS was determined. This analysis identified 
the parameters whose values must be accurately 
chosen so that CREAMS can produce accurate 
results. The parameters related to infiltration, sheet 
and rill erosion, soil detachment capacity by con- 
centrated flow, and sediment transport by overland 
and concentrated flow were found to produce the 
most variation in the prediction of runoff and 
sediment delivery by CREAMS. (Stout-IL, WRC) 
W90-09553 


INCORPORATION OF UNCERTAINTIES IN 
REAL-TIME CATCHMENT FLOOD FORE- 
CASTING. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 2E. 
W90-09554 


IMPROVEMENT OF LAKE WATER QUALITY 
BY PAYING FARMERS TO ABATE NON- 
POINT SOURCE POLLUTION. 

Illinois Univ. at Urbana-Champaign. Dept. of Ag- 
ricultural Economics. 

For primary bibliographic entry see Field 5G. 
W90-09555 


MULTISTAGE SCREENING PROCESS FOR 
RIVER BASIN PLANNING. 

EA Engineering, Science, and Technology, Inc., 
Lincoln, NE. 

D. Razavian, A. S. Bleed, R. J. Supalla, and N. R. 
Gollehon. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 323- 
334, May/June 1990. 3 fig, 1 tab, 19 ref, 3 append. 


Descriptors: *Mathematical models, *Model stud- 
ies, *River basin development, *Water resources 
development, *Watershed management, Optimiza- 
tion, Planning, Reservoirs. 


Combined simulation and optimization models 
were applied effectively to complex, multipurpose, 
multi-reservoir river basin systems. The general 
model is capable of generating an information base 
for water development planning; evaluating physi- 
cal and economic efficiencies of alternative water 
uses; and analyzing the economic and environmen- 
tal tradeoffs, as well as the financing and policy 
issues associated with water development alterna- 
tives. The general model consists of three compo- 
nents: simulation, screening, and optimization, but 
this paper focuses on the simulation component. 
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The simulation consists of a water-use and eco- 
nomic algorithm capable of simulating water uses 

and losses, and calculating system costs and bene- 
fits for water development alternatives. The simu- 
lation model also generated input data for the 
multi-objective optimization model. The optimiza- 
tion component used the epsilon-constraint multi- 
objective linear programming algorithm to maxi- 
mize habitat quality and the present value of net 
economic benefits, subject to water and capital 
constraints. (Author’s abstract) 

1667 


MATHEMATICAL MODELS WITHIN RIVER 
BASIN MANAGEMENT--AN OVERVIEW. 
Valtion Teknillinen Tutkimuskeskus, Espoo (Fin- 
land). Reaktorilaboratorio. 

M. Virtanen. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 145-152, 
1989. 7 fig, 34 ref. 


Descriptors: *Management planning, *Mathemati- 
cal models, *Model studies, *River basins, *Water- 
shed management, Model testing, Parametric hy- 
drology, Probability distribution, Research prior- 
ities. 


Mathematical models are widely used in connec- 
tion of river basin management, planning, decision, 
evaluation, and research. Most of the applications 
deal with quite limited aspects and restricted parts 
of the basins. The practical needs and limitations 
result often in simple and specific models. In pub- 
lishing the model efforts, more information on the 
loads, forcing factors, model parameters and their 
dependencies needs to be explicitly shown. The 
presentation of the model equations can facilitate 
the understanding of the model contents and of the 
meaning of the model parameters. Future develop- 
ment of the models first requires an extensive inter- 
action between the measurements and models. 
Closer contacts between different disciplines of 
sciences and between different compartments of 
river basin environments are also essential for im- 
proved applicability of the models. Probability dis- 
tributions are needed for maintaining the manage- 
ment confidence, but a deterministic approach is 
seen as more useful in gaining an improved under- 
standing of the behavior of nature, its causal rela- 
tions, — -~ dynamics. (Author’s abstract) 
W90-0976: 


PRACTICAL RIVER BASIN MANAGEMENT 
METHODS. 

International Association on Water Pollution Re- 
search and Control, Coventry (England). 

T. A. Harker. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 159-161, 
1989. 7 ref. 


Descriptors: *River basins, *Water pollution con- 
trol, *Water resources management, *Watershed 
management, Classification, Decision making, 
England, Monitoring, Organizations, Planning, 
Wales, Water quality control, Water treatment. 


There are many definitions of management, but 
most people would agree that it can be broadly 
summed up as ‘the making of decisions concerning 
the allocation of available resources to meet de- 
fined objectives.’ There are four principal stages in 
the process: planning, organization, direction, and 
control. Although these general tenets apply to all 
systems of management, they are of particular in- 
terest when considering the detailed management 
of river basin systems. Historically, objectives 
were principally concerned with quantity of flow; 
however, as societies have developed, the empha- 
sis has changed and other factors such as amenity 
and quality have become of paramount impor- 
tance. Today in England, a great deal of time and 
effort is spent in producing the optimum environ- 
ment and amenity potential for any large scale 
development. It has also become necessary to en- 
courage the self-purification of the environment 
and dilution has become an important factor in the 
treatment of rivers. It was not until 1973 that 
legislation created truly all-purpose river basin au- 
thorities in England and Wales. However, the 1973 
Act is not enough and much more precise and 
sensitive methods of measuring and controlling 
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pollutants are required. Recent developments in all 
aspects of mathematical and scientific methods 
have made ilable such benefits as: valid data; 
data communication links; more effective manipu- 
lation of data; more rapid and accurate analyses; 
more representative system modeis; and better de- 
cision support systems. (Fish-PTT) 

W90-09770 





HAZARDOUS WASTE MANAGEMENT ENGI- 
NEERING. 


For primary bibliographic entry see Field 5E. 
W90-09827 


EXPOSURE AND RISK ASSESSMENT. 
Environmental Protection Agency, Washington, 
DC. Office of Solid Waste. 


For primary bibliographic entry see Field SE. 
Ww90-09829 


STORAGE OF HAZARDOUS WASTES. 
ERM-North Central, Inc., Park Ridge, IL. 
For primary bibliographic entry see Field SE. 
W90-09832 


HAZARDOUS-WASTE-MANAGEMENT FACIL- 
ITY SITING. 


Environmental Protection Agency, Washington, 
Dc. 


For primary bibliographic entry see Field SE. 
W90-09835 


TRAVELTIME AND REAERATION OF SE- 
LECTED STREAMS IN THE NORTH PLATTE 
AND YAMPA RIVER BASINS, COLORADO. 
Geological Survey, Denver, CO. Water Resources 
Div. 

For primary bibliographic entry see Field 4C. 
W90-09897 


EFFICIENT MANAGEMENT OF MULTIPLE 
WATER SOURCES, GIVEN A RANGE OF 
QUALITY LEVELS AND USER QUALITY RE- 
QUIREMENTS. 

Arizona Univ., Tucson. Dept. of Agricultural Eco- 
nomics. 

A. L. Lieuwen, B. G. Colby, D. R. Davis, and W. 
Martin. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-159260/ 
AS. Price codes: A07 in paper copy, AOI in micro- 
fiche. Final Report, December 1989. 124p, 8 fig, 7 
tab, 79 ref. USGS Cortract 14-08-0001-G1306. 


Descriptors: *Alternative planning, *Economic as- 
pects, *Institutional constraints, *Water allocation, 
*Water reuse, *Water sources, Arizona, Benefits, 
Costs, Pumping, Tucson Basin, Water supply. 


The research project consists of an institutional 
and economic assessment of effluent reuse in Ari- 
zona’s Tucson Basin. The study area characterizes 
much of the urbanizing West in terms of limited 
and increasingly expensive water supplies, con- 
cerns with water quality, and water manager’s 
desire to develop reliable supplies to support a 
growing population. The Arizona case study is 
particularly interesting in light of a legislative man- 
date to reduce groundwater pumping and eliminate 
groundwater overdraft. Effluent reuse is perceived 
as a key strategy in achieving these policy objec- 
tives. The institutional assessment of water reuse in 
the Tucson Basin in Arizona indicates that despite 
policies encouraging the substitution of effluent for 
native groundwater, many opportunities for water 
reuse are precluded by existing water rights ar- 
rangements and insufficient economic incentives to 
switch from groundwater to treated effluent. The 
economic assessment compares potential benefits 
and costs of implementing water reuse plans for 
the Tucson area with potential benefits and costs of 
alternative water-supply scenarios in which similar 
quantities of water are provided from other 
sources. Alternative water sources include pump- 
ing native groundwater, reallocating water away 
from low value water uses, and importing surface 





Field 6—WATER RESOURCES PLANNING 


Group 6A—Techniques Of Planning 


water and groundwater from other basins. The 
economic analysis indicates that, at the present 
time, there is no economic justification for in- 
creased water reuse. Not only are reallocation and 
importation alternatives less costly to implement 
than increases in effluent use, they also save more 
groundwater and thus go further in achieving state 
policy objectives. (USGS) 

'W90-09907 


SANITARY SURVEYS FOR SMALL RURAL 
COMMUNITIES. 

Ohio State Univ., Columbus. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09911 


ON-SITE MANAGEMENT WITHIN A UTILITY 
FRAMEWORK. 

Lombardo and Associates, Inc., Boston, MA. 

For primary bibliographic entry see Field 5D. 
W90-09912 


CLIMATE AS A FACTOR IN SITING SEPTIC 
TANK FILTER FIELDS. 

Arkansas Univ., Fayetteville. Dept. of Agronomy. 
For primary bibliographic entry see Field 5D. 
W90-09948 


EVALUATION OF FLORIDA SOILS FOR ON- 
SITE SEWAGE DISPOSAL SYSTEMS. 

Florida Univ., Gainesville. Dept. of Soil Science. 
For primary bibliographic entry see Field 5D. 
W90-09949 


PLANNING FOR WATER USE AND DEVEL- 
OPMENT. 

Bureau of Land Management, Lakewood, CO. 
Colorado State Office. 

R. L. Barkow. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 85-91. 


Descriptors: *Land use, *Management pl g 
*Planning, *Public rights, *Resources manage- 
ment, *Water demand, *Water resources develop- 
ment, Monitoring, Water use efficiency. 





The Bureau of Land Management uses a nine step 
land use planning process to prepare management 
plans: identification of issues and concerns; devel- 
opment of planning criteria; collection of informa- 
tion and data; analysis of the management situa- 
tion; formulation of alternatives; estimation of ef- 
fects of alternatives; selection of the preferred al- 
ternative; public review of the draft resource man- 
agement plan; and, finally, implementation, moni- 
toring and evaluation. Water resource consider- 
ations must be incorporated into the planning proc- 
ess from the first step in the planning process. 
Potential projects or land uses that require water as 
a component must be identified and analyzed 
throughout the process. Potential water demand 
dictates in part what criteria should be used to 
resolve conflicts, what information and data are 
necessary to consider and what alternatives will 
best accomplish the stated objectives. Involvement 
by water resource specialists throughout the proc- 
ess will ensure that appropriate and necessary con- 
sideration is given to water uses through the plan- 
ning process. (See also W90-10068) (Author’s ab- 
stract) 

W90-10073 


ACCOUNTING 
QUALITY IN 
NING. 
Stanford Univ., CA. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 6G. 
W90-10110 


FOR ENVIRONMENTAL 
WATER RESOURCES PLAN- 


MULTI-OBJECTIVE APPROACHES TO 
RIVER BASIN PLANNING. 
Arizona Univ., Tucson. Dept. of Systems and In- 


dustrial Engineering. 
For primary bibliographic entry see Field 6B. 
W90-10118 


LAND AND WATER USE PLANNING IN 
ALKALI SOILS UNDER RECLAMATION. 
Central Soil Salinity Research Inst., Karnal (India). 
Div. of Agricultural Engineering. 

For primary bibliographic entry see Field 3F. 
W90-10123 
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MANAGING GROUNDWATER POLLUTION 
FROM AGRICULTURE RELATED SOURCES: 
AN ECONOMIC ANALYSIS. 

Oregon State Univ., Corvallis. Dept. of Agricul- 
tural and Resource Economics. 

S. L. Johnson, G. M. Perry, and R. M. Adams. 
Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-149063/ 
AS. Price codes: A13 in paper copy, A02 in micro- 
fiche. Final Technical Report, December 1989. 
282p, 43 fig, 24 tab, 147 ref, 2 append. USGS 
Contract 14-08-0001-G1486. 


Descriptors: *Economic aspects, *Economic eval- 
uation, *Groundwater pollution, *Nitrates, Agri- 
culture, Alternative planning, Crop yield, Fertil- 
ization practices, Groundwater management, 
Linear programming, Model studies, Optimization, 
Path of pollutants, Pigovian taxes. 


Extensive use of chemicals to enhance yield and 
improve crop quality has played a major role in 
creating a highly productive U.S. agricultural 
system. Increased chemical use has also imposed 
some significant environmental costs, among 
which are pollution of groundwater by nitrates. 
The research examines the economic effects of 
adopting alternative strategies that reduce agricul- 
tural-related groundwater pollution from nitrates. 
The research involved the development and imple- 
mentation of a multi-method approach which 
linked a farm-level linear programming crop mix 
model, field-level dynamic optimization model, 
crop simulators, and a geohydrology model of 
groundwater nitrate movement. The results sug- 
gest that (1) careful management of soil moisture is 
critical to the reduction of pollution rates; (2) some 
leaching is unavoidable when producing irrigated 
crops within the study area; (3) weather events 
play a significant role in explaining the existence of 
nitrate leachate under optimal irrigation and fertil- 
ization practices; (4) input taxes and restrictions on 
nitrogen application rate may not always reduce 
pollution rates; (5) Pigovian taxes, appear to be the 
most efficient means of reducing nitrate levels; and 
(6) some federal government farm program provi- 
sions increase pollution rates, while others have 
the opposite effect. (USGS) 

W90-09516 


HISTORICAL ACCOUNT OF PUBLIC WATER 
SUPPLIES IN NORTH CAROLINA. 

North Carolina Water Resources Research Inst., 
Raleigh. 

For primary bibliographic entry see Field 5F. 
W90-09546 


MULTISTAGE SCREENING PROCESS FOR 
RIVER BASIN PLANNING. 

EA Engineering, Science, and Technology, Inc., 
Lincoln, NE. 

For primary bibliographic entry see Field 6A. 
W90-09667 


RESERVOIR STORAGE REALLOCATION 
ANALYSIS WITH PC. 

For primary bibliographic entry see Field 4A. 
W90-09673 


MANAGEMENT, MONITORING AND CLASSI- 
FICATION--AN OVERVIEW. 

CNS Scientific and Engineering Services, Reading 
(England). 


For primary bibliographic entry see Field 5G. 
W90-09767 


MATHEMATICAL MODELS WITHIN RIVER 

BASIN MANAGEMENT--AN OVERVIEW. 

Valtion Teknillinen Tutkimuskeskus, Espoo (Fin- 

land). Reaktorilaboratorio. 

For primary bibliographic entry see Field 6A. 
-09768 


DEVELOPMENTS IN AND TASKS FOR DECI- 
SION MAKING IN RIVER BASIN MANAGE- 
MENT. 

Technische Hogeschool Delft (Netherlands). 

J. Wessel. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 163-168, 
1989. 9 ref. 


Descriptors: *Management planning, *River 
basins, *Water resources management, *Watershed 
management, Decision making, Economic aspects, 
Information systems, Research priorities. 


River basin management has a short but exciting 
history and although critical suggestions abound, 
there is good reason for adhering to it. Develop- 
ments already made in river basin management 
theory progress from small single-purpose projects 
to integrated management of watersheds and 
whole basins. Tasks lying ahead include research 
to evaluate the effects of past decisions and to 
predict the effects of the decisions to be taken. 
Major issues include general problems, problems of 
quantity, problems of quality, problems around 
land-centered activities, problems of organization, 
problems of choice of instruments, and financial 
problems. In the past many technological solutions 
have been made without considering the external 
effects, especially those on social and ecological 
systems. In the future more consideration has to be 
given to them and also to the harmonization of 
conflicting interests. Some elements of future kinds 
of decision making are: planning; research; devel- 
opment of the Brundtland report; institutional ar- 
rangements and the human factor; information, 
communication, and international cooperation; 
conflict resolution and negotiation; and specific 
problem areas. (Fish-PTT) 

W90-09771 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JAN 79 - JUN 87). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90- 10036 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JUL 87 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90-10039 


WATER RESOURCES RELATED TO MINING 
AND  ENERGY-PREPARING FOR THE 
FUTU 


RE. 
For primary bibliographic entry see Field 5G. 
W90-10068 


EFFECT OF WATER ISSUES ON SITING OF 
ENERGY PROJECTS, AND THE REVERSE. 
Bureau of Land Management, Washington, DC. 
Div. of Planning and Environmental Coordination. 
For primary bibliographic entry see Field 6G. 
W’90-10074 


MULTI-OBJECTIVE APPROACHES TO 
RIVER BASIN PLANNING. 

Arizona Univ., Tucson. Dept. of Systems and In- 
dustrial Engineering. 

L. Duckstein, and I. Bogardi. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 415- 





450, 13 fig, 20 tab, 44 ref, append. 


Descriptors: *Decision making, *Multiobjective 
planning, *Planning, *River basin planning, Ad- 
ministrative decisions, Comparison studies, Evalua- 
tion, Miulticriterion decision making, Policy 

ing, Resources management, Water manage- 
ment. 


In river basin planning there is often no overall 
optimum solution and the selection among alterna- 
tives is possible only by considering trade-offs 
among the achievement of objectives. This type of 
selection is called multicriterion decision making. 
It ranges from simple engineering judgement to 
sophisticated multiobjective programming meth- 
ods. In using multiobjective techniques a set of 
nondominated solutions is sought. The main char- 
acteristic of the nondominated set of solutions is 
that for each solution outside the set, there is a 
nondominated solution for which all objective 
functions are unchanged or improved and at least 
one that is strictly improved. The procedure of 
multicriterion decision making to river basin plan- 
ning can be formulated in five steps: objectives, 
specifications, criteria, generation of alternatives, 
and evaluation matrix. Specific viewpoints may be 
used for selecting the multicriterion decision 
making method, these are: type of data present; 
nature of alternative systems under investigation; 
consistency of results between methodologies; ro- 
bustness of results with respect to changes in pa- 
rameter values; ease of computation; amount of 
interaction required between the decision maker 
and the systems analyst; and the type of decision 
maker (for example, group or single). When multi- 
criterion decision making approaches were applied 
to the Santa Cruz River Basin Study, changing 
parameter values in the multiattribute formulation 
did not have a major impact on the final solutions. 
The floodplain management alternative were gen- 
erally preferable to the other systems. Channeliza- 
tion alternatives were ranked closely behind these 
preferred systems. (See also W90-10104) (Mertz- 


W90-10118 


EVALUATION FRAMEWORK FOR WETLAND 
REGULATION. 

World Health Organization, Kuala Lumpur (Ma- 
laysia). 

H. Ogawa, and J. W. Male. 

Journal of Environmental Management 
JEVMAW, Vol. 30, No. 2, p 95-109, March 1990. 
1 fig, 5 tab, 20 ref. 


Descriptors: *Administrative agencies, *Wetlands, 
Decision making, Encroachment, Evaluation, 
Flood control, Massachusetts, Mathematical 
models, Model studies, Regression analysis, Simu- 
lation analysis. 


Flood mitigation potential is an important aspect of 
wetlands and must be considered when application 
for modification of a wetland has been made. A 
procedure was developed paper which allows reg- 
ulatory agencies, particularly at the local level, to 
assess quickly what the effects of wetland modifi- 
cation on peak streamflows might be and to deter- 
mine whether more in-depth analyses should be 
conducted. The three general approaches which 
are currently used to estimate the flood potential of 
wetlands are: the rating method, mathematical sim- 
ulation, and regression analysis. Although the 
rating method can provide numerical rating values, 
it is essentially qualitative. The new approach 
relies on equations developed from regression anal- 
yses and watershed simulations. The results of 
these simulation and regression studies can also be 
used at the local level. If the wetland to be evaluat- 
ed is already analyzed in the simulation studies, 
then the simulation results provide peak flow in- 
creases due to encroachment on the wetland. Oth- 
erwise, peak flow increases can be estimated from 
the regional regression equations. Results of the 
approach are presented for an area encompassing 
three river basins in eastern Massachusetts. (Feder- 


PTT) 
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INCIDENCE OF ENVIRONMENTAL DEGRA- 
DATION: A CASE STUDY OF ACID MINE 
DRAINAGE. 

California State Univ., Fullerton. 

For primary bibliographic entry see Field 5C. 
W90-10217 


FEDERAL FARM POLICY AND WATER 
QUALITY. 

Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

S. R. Crutchfield. 

Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 376-378, September/October 
1989. 10 ref. 


Descriptors: *Farm wastes, *Farms, *Land use, 
*Nonpoint pollution sources, *Public policy, 
*Water policy, *Water pollution control, Agricul- 
tural chemicals, Agricultural runoff, Agricultural 
water, Economic impact, Erosion control, Farm 
management, Groundwater pollution, Groundwat- 
er quality, Legislation, Policy making, Soil erosion, 
Water conservation, Water quality. 


Decisions made in the farm policy context signifi- 
cantly affect farm production patterns and these, in 
turn, affect water quality. The Food Security Act 
of 1985 contained several measures which have 
had a direct impact on water quality. For example, 
the retirement of highly erodible land from pro- 
duction and encouragement of the creation of filter 
strips around lakes and streams greatly reduced the 
delivery of sediment and nutrients to freshwater 
systems. Water quality promises to be a major 
theme in the development of legislation to succeed 
the Food Security Act of 1985. Several new pro- 
posals have been offered to incorporate water 
quality concerns directly into farm legislation. 
Wellhead protection programs would restrict land 
use, input use and tillage practices on cropland that 
overlies potentially vulnerable groundwater sup- 
plies. Wellbuster programs would restrict the fed- 
eral farm program benefits going to farmers whose 
practices increase the chance of agricultural chemi- 
cals leaching into groundwater supplies. Making 
both penalties and positive incentives relating to 
water quality responsive to market conditions 
would help to ensure that these incentives interact 
cooperatively. Programs directed at water quality 
must account for the interactions with other agri- 
cultural policies. Conservation title programs 
should be consistent with commodity programs 
and provide appropriate economic co-incentives to 
elicit environmentally sound production practices. 
The full economic impact of new policy choices 
cannot be evaluated without taking into account 
the off-farm impacts on water quality and water 
users. (Hoskin-PTT) 

W90-10225 


BEYOND SWAMPBUSTER: A PERMANENT 
WETLAND RESERVE. 

Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

For primary bibliographic entry see Field 6E. 
W90- 10228 
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ECONOMIC AND SOCIAL PERSPECTIVES 
ON NEW IRRIGATION TECHNOLOGY. 

Wye Coll., Ashford (England). Agrarian Develop- 
ment Unit. 

For primary bibliographic entry see Field 3F. 
W90-09579 


MEASUREMENT OF THE PERSONAL COST 
OF ILLNESS DUE TO SOME MAJOR WATER- 
RELATED DISEASES IN AN INDIAN RURAL 
POPULATION. 

MLB Medical College, Jhansi, 284 128, India. 

For primary bibliographic entry see Field 5C. 
W90-09740 


WATER RESOURCES RELATED TO MINING 
AND ENERGY-PREPARING FOR THE 
FUTURE. 
For primary bibliographic entry see Field 5G. 
W90-10068 


WATER MARKETING AND RATE SETTING 
FOR WATER FOR ENERGY IN THE UPPER 
COLORADO RIVER BASIN. 

D. M. Linke. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
— Bethesda, Maryland. 1987. p 339-352. 15 
ref. 


Descriptors: *Colorado River Basin, *Economic 
aspects, *Water costs, *Water management, 
*Water marketing, *Water rights, Colorado River, 
Colorado River Storage Project, Energy costs, 
Industrial water, Water supply development, 
Water transfer. 


The Upper Colorado River Basin is home for a 
vast array of energy and mineral resources, includ- 
ing oil, gas, coal, oil shale and tar sands. The Basin 
is also the major source of water in the Colorado 
River system. The Bureau of Reclamation’s Upper 
Colorado Regional Office has developed much of 
the available water in the Basin through the Colo- 
rado River Storage Project (CRSP) and has imple- 
mented several major transfers of water for energy 
projects. Several rate setting procedures, such as 
the debt service methods, comparable market 
values, power foregone, willingness to pay, and 
sliding-scale standby rates are explained. The 
CRSP is an inexpensive water source, due to the 
large sizes of the mainstem reservoirs and the 
inherent economies of scale. State and local gov- 
ernments are not likely to build many new projects 
developing any significant amounts of water, be- 
cause of financial constraints. Private projects are, 
for the most part, much smaller, more expensive 
and highly speculative since they face enormous 
institutional uncertainties. Water from the CRSP is 
available and priced below market price. The 
energy resource base in the Upper Colorado Basin 
exists and will eventually require water to develop. 
In the interim, water resources are going unused in 
the face of an existing market outside the Basin. 
The resulting short-term marketing trends point 
towards CRSP water serving as an integral re- 
source in meeting both short-term water needs and 
long-term energy water demands. (See also W90- 
10068) (Brunone-PTT) 

W90-10090 


ACQUISITION AND MANAGEMENT OF IN- 
DUSTRIAL WATER RIGHTS IN THE ARID 
WEST. 

Arizona Univ., Tucson. Dept. of Agricultural Eco- 
nomics. 

For primary bibliographic entry see Field 6D. 
W90-10091 


ECONOMIC EVALUATION OF URBAN 
FLOOD DAMAGE REDUCTION PLANS. 

Texas A and M Univ., College Station. Dept. of 
Civil Engineering. 

R. A. Wurbs. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 393- 
413, 7 fig, 3 tab, 48 ref. 


Descriptors: *Cost-benefit analysis, *Economic as- 
pects, *Flood control, *Flood damage, *Nonstruc- 
tural alternatives, *Urban runoff, Computer 
models, Computer programs, Evaluation, Flood 
insurance, Water policy. 


One of the major accomplishments of the federal 
program for water resources development has been 
the introduction of economic criteria into govern- 
ment decision making. The Flood Control Act of 
1936 initiated the use of benefit-cost analysis as a 
basis for evaluation of proposed federal flood con- 
trol projects. Economic evaluation consists of esti- 
mating and comparing the benefits and costs that 
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would result from implementation of alternative 
plans of action. Certain measures do not modify 
hydrologic or economic relationships but rather 
redistribute the cost of flood damages. Govern- 
mental financial relief to flood victims and flood 
insurance are common examples of such measures. 
Flood control benefits are derived from reducing 
damages and permitting more efficient use of land 
resources. Benefits and costs are discounted to a 
common time base using interest or equivalence 
formulas to account for the time value of capital. 
There are 10 steps in evaluating benefits: (1) delin- 
eate affected area; (2) determine flood plain char- 
acteristics; (3): project activities in affected area; 
(4) estimate potential land use; (5) project land use; 
(6) determine existing flood damages; (7) project 
future flood damages; (8) determine other costs of 
using the flood plain; (9) collect land market value 
and related data; and (10) compute benefits. Nu- 
merous computer programs for performing hydro- 
logic and economic analysis of flood damage re- 
duction plans have been developed at the various 
offices of the Corps of Engineers, Soil Conserva- 
tion Service, Tennessee Valley Authority, and 
other federal and state agencies, private engineer- 
ing firms, and universities. (See also W90-10104) 
(Mertz-PTT) 

W90-10117 


CROSS COMPLIANCE AND WATER QUAL- 
ITY PROTECTION. 

Pennsylvania State Univ., University Park. Dept. 
of Agricultural Economics and Rural Sociology. 
For primary bibliographic entry see Field 5G. 
W90-10229 


ECONOMIC EVALUATION OF INDIRECT 
SLUDGE DRYING PRIOR TO INCINERATION 
PROCESSES. 

Clemson Univ., SC. Dept. of Environmental Sys- 
tems Engineering. 

For primary bibliographic entry see Field 5D. 
W90-10316 


MARKET FAILURE AND THE EFFICIENCY 
OF IRRIGATED AGRICULTURE. 

Kentucky Univ., Lexington. 

For primary bibliographic entry see Field 3F. 
W90-10360 


RISK AVERSION IN CONJUNCTIVE WATER 
USE. 
Geological Survey, Menlo Park, CA. 

For primary bibliographic entry see Field 3F. 
W90-10371 


6D. Water Demand 


GROUND-WATER USE BY PUBLIC SUPPLY 
SYSTEMS IN TENNESSEE IN 1985. 

Geological Survey, Nashville, TN. Water Re- 
sources Div. 

S. S. Hutson. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4092, 
November 1989. 1 sheet, 7 ref. 


Descriptors: *Domestic water, *Selective with- 
drawal, *Tennessee, *Water supply, *Water use, 
Aquifers, Commercial use, Groundwater, Industri- 
al use, Shelby County, Water quality. 


Public-supply groundwater withdrawal in Tennes- 
see in 1985 totaled about 243 million gal/day, or 
about 54% of the total groundwater used. Most of 
the withdrawals were from the Tertiary Memphis 
Sand in Shelby County (Memphis), West Tennes- 
see (141 million gal/day). Of the 182 public-supply 
systems, 32 withdrew 1 million gal/day or more 
and accounted for 83% of the groundwater with- 
drawn by public-supply systems in Tennessee. 
(USGS) 

W90-09541 


ESTIMATING PUMPING TIME AND 
GROUND-WATER WITHDRAWALS USING 
ENERGY-CONSUMPTION DATA. 

Geological Survey, Denver, CO. Water Resources 
Div. 

For primary bibliographic entry see Field 2F. 
W90-09543 


WATER USE IN SAUDI ARABIA: PROBLEMS 
AND POLICY IMPLICATIONS. 

University of Petroleum and Minerals, Dhahran 
(Saudi Arabia). Dept. of Economics. 

A. A. Al-Ibrahim. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWRMDS, Vol. 116, No. 3, p 375- 
388, May/June 1990. 1 fig, 5 tab, 22 ref. 


Descriptors: *Saudi Arabia, *Water policy, *Water 
resources development, *Water resources manage- 
ment, *Water use efficiency, Arid climates, Water 
conservation, Water demand. 


Saudi Arabia is an arid country with the potential 
for acute water shortage. The demand for water 
has grown substantially against a scarce and dwin- 
dling water supply. This growing imbalance has 
been met mainly by increasing water supply, while 
water-demand management has been overlooked. 
The critical issue is how to reconcile the rapidly 
rising demand with scarce and depletable re- 
sources. There is a need and urgency of adopting 
conservation and water-demand management pro- 
grams to achieve an acceptable balance between 
water needs and availability. There is considerable 
scope for improving the efficiency of water use in 
various sectors, such as agriculture, urban and 
domestic use. Unless drastic and immediate conser- 
vation measures are taken, water demand will in- 
crease rapidly, creating an accelerated use of and 
depletion of groundwater resources. For an arid 
country such as Saudi Arabia, groundwater is the 
most important water resource. Its fast depletion 
may create an acute water shortage with serious 
social, economic, and environmental implications. 
What is urgently needed is the formulation and 
implementation of an integrated water manage- 
ment and water development program that empha- 
sizes conservation and efficient use of the existing 
water supply. Such a program must seek the 
achievement of three goals: (1) using less water; (2) 
using water more efficiently; and (3) developing 
new and less expensive water sources. (Agostine- 


PTT) 
W90-09671 


CLIMATE-INDUCED WATER AVAILABILITY 
CHANGES IN EUROPE. 

International Inst. for Applied Systems Analysis, 
Laxenburg (Austria). 

F. Brouwer, and M. Falkenmark. 

Environmental Monitoring and Assessment 
EMASDH, Vol. 13, No. 1, p 75-98, August 1989. 
12 fig, 4 tab, 23 ref. 


Descriptors: *Europe, *Global warming, *Predic- 
tion, *Water scarcity, *Water supply, Agriculture, 
Belgium, Climates, East Germany, France, 
Greece, Hungary, Italy, Poland, Portugal, Re- 
search priorities, Seasonal variation, Spain, Water 
demand, Water stress, Yugoslavia. 


Water availability changes in Europe in relation to 
climate change are discussed. Topics reviewed in- 
clude: the present hydrology of Europe, anticipat- 
ed climate change in Europe due to accumulating 
greenhouse gases, hydrological shifts in Europe 
due to a changing climate, and consequences of 
water-related disturbances. The total amount of 
available water may decrease in 13 European 
countries, with large decreases in water expected 
in France, Greece, Hungary, Italy, Portugal, 
Spain, and Yugoslavia. The amount of available 
water may increase in Belgium, East Germany, 
and Poland according to the simulation of the 
United Kingdom Meteorological Office; these 
countries also may show an increase in total runoff. 
The issue of water availability is already important 
in some parts of Europe suffering from a seasonal 
soil moisture deficit and societal water stress. This 
issue could become even more important in the 
future as a result of climate change. Both wetter 


and drier conditions will have major implications 
for societal activities and land use patterns (e.g., 
agriculture, urban activities, and wastewater dis- 
posal). The water shortage for growing crops (as 
defined by soil moisture deficit) could be charac- 
terized by large interannual variations, because the 
frequency of extreme climatic events (e.g., very 
dry years) could become more important in south- 
ern Europe, leading to more years of extreme soil 
moisture deficit. Areas of activity that should be 
considered include: (1) development of methods 
for conservation and recycling of water, including 
storage alternatives and parsimonious irrigation 
and (2) development via biotechnology of more 
drought-resistant crops combined with efforts to 
improve marginal land. (Rochester-PTT) 
W90-09727 


WITHDRAWAL AND DISTRIBUTION OF 
WATER BY PUBLIC WATER SUPPLIES IN 
OHIO, 1985, 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 3D. 
W90-09893 


IDENTIFYING EMERGING WATER ISSUES 
FOR ELECTRIC UTILITIES. 

Case Western Reserve Univ., Cleveland, OH. 
Dept. of Systems Engineering. 

B. F. Hobbs. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 65-70. 1 fig, 

1 ref. 


Descriptors: *Electric power industry, *Hydro- 
electric power, *Industrial water, *Issues manage- 
ment, *Project planning, *Regulations, *Water 
demand, Electric power costs, Long-term plan- 
ning, Management planning, Water quality. 


Water issues, such as acid rain, thermal pollution, 
supply shortages, and instream flow requirements, 
have greatly affected the planning and operation of 
electric utilities in the past twenty years. Many of 
these issues were unanticipated by the industry. As 
a result, research and planning for efficient and 
effective correction of these problems was delayed, 
and the adaptation to new regulatory environments 
was unnecessarily costly and painful. Identifying 
emerging water issues is crucial for electric utili- 
ties, in general, and the Electric Power Research 
Institute, in particular. Although prediction of new 
issues can never be an exact science, the techniques 
of issues management can help make planners more 
aware of the early warning signs of issues and their 
possible implications. An important input to the 
issues identification process is that of water profes- 
sionals who are on the front lines. Small group 
discussions, interviews and questionnaires directed 
at water resources professionals are used to elicit 
their input to such issues as the demands for elec- 
tric power resulting from water management, 
water-related hazards to power facilities and oper- 
ations, and water quality problems posed by the 
residuals of power generation. (See also W90- 
10068) (Author’s abstract) 

'W90-10070 


ARCTIC WATER AVAILABILITY: DATA 
BASES TO MEET PRESENT AND FUTURE 
NEEDS. 

Bureau of Land Management, Fairbanks, AK. 
Arctic District. 

For primary bibliographic entry see Field 7C. 
W90-10071 


PLANNING FOR WATER USE AND DEVEL- 
OPMENT. 

Bureau of Land Management, Lakewood, CO. 
Colorado State Office. 

For primary bibliographic entry see Field 6A. 
W90-10073 





INFLUENCE OF ENDANGERED FISH PRO- 
TECTION ON WATER DEVELOPMENT 
PROJECTS IN THE UPPER COLORADO 
RIVER SYSTEM. 

Bureau of Land Management, Salt Lake City, UT. 
Utah State Office. 

G. F. Thayn, J. E. Farringer, and R. Ruesink. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 115-122. 2 fig, 
8 ref. 


Descriptors: *Colorado River, *Endangered spe- 
cies, *Environmental impact, *Environmental 
policy, *Fish conservation, *Resources manage- 
ment, *Right-of-way, *Water resources develop- 
ment, Hydroelectric plants, Moon Lake Power 
Plant Project, Permits, Projects, Reservoir con- 
struction, Utah, Water demand. 


The presence of Federally listed endangered fish 
species in the Upper Colorado River Basin has the 
potential of preventing any further development of 
water projects on the upper Colorado River and its 
tributaries. Federal and state agencies and special 
interest groups are cooperating to achieve both 
protection of endangered species and development 
of water resources. Two projects involving the 
Bureau of Land Management (BLM) rights-of-way 
and the need for Colorado River system water 
illustrate how both objectives are being met. In 
1979 Deseret Generation and Transmission Coop- 
erative filed application with BLM for rights-of- 
way required for construction of the 800 megawatt 
Moon Lake Power Plant Project in Uintah 
County, Utah. The proposed course of action was 
to pipe water approximately 19 miles from a col- 
lector-well system located beside the Green River 
to the power plant near Bonanza, Utah. In 1975, 
the Utah Division of Water Resources had filed a 
right-of-way application with the BLM for 3402 
acres of public land to facilitate construction of an 
earthen dam across the White River to create an 
11.7 mile long reservoir with 1980 surface acres, to 
provide water for industrial development. Biologi- 
cal studies indicated that without conservation 
measures, the Bonanza Power Plant project would 
jeopardize three endangered fish species and the 
White River Dam project would jeopardize the 
Colorado squawfish. Deseret was given the option 
to fund its fair share of activities designed to con- 
serve the endangered fish species as part of the 
permit requirements. The White River Dam 
project was also authorized but has not been con- 
structed due to reduction in demand for the water. 
(See also W90-10068) (Author’s abstract) 
W90-10076 


IMPACT OF WATER AND MINERAL DEVEL- 
OPMENT PROJECTS ON A RURAL COMMU- 
NITY AND ITS EDUCATION PROGRAMS. 

For primary bibliographic entry see Field 5G. 
W90-10080 


ACQUISITION AND MANAGEMENT OF IN- 
DUSTRIAL WATER RIGHTS IN THE ARID 


WEST. 

Arizona Univ., Tucson. Dept. of Agricultural Eco- 
nomics. 

D. B. Bush. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 353-365. 25 
ref. 


Descriptors: *Economic aspects, *Industrial water, 
*Water demand, *Water marketing, *Water re- 
source management, *Water rights, Arid lands, 
Legal aspects, Water allocation, Water transfer, 
Western United States. 


Strong pressure for water transfers exists in many 
regions of the West as water resources are fully 
developed and new demands can only be accom- 
modated through transfer from established uses. 
Heavy water-using industries, particularly in the 
mining and energy development sectors, are hard 
pressed to find secure water supplies in sufficient 
quantities and at reasonable costs. Several different 
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types of market transactions exist, including the 
transfer of water company stock, transfers of indi- 
vidually appropriated rights, acquisition of water 
rights through the purchase and retirement of irri- 
gated farmland, water rentals and negotiated op- 
tions to buy land and water rights. Western laws 
and institutions continue to work to maintain a 
secure system of water rights, but their purpose 
has expanded and diversified. Water marketing 
opportunities help provide the flexibility in water 
allocation systems necessary to increase the eco- 
nomic efficiency of water use in the rapidly grow- 
ing and changing economy of the western United 
States. (See also W90-10068) (Brunone-PTT) 
W90-10091 


CHALLENGE IN WATER SUPPLY PLAN- 
NING: ACHIEVING A BALANCE BETWEEN 
INDUSTRY NEEDS AND AGRICULTURE IN 
EMERY COUNTY, UTAH. 

Utah Power and Light Co., Salt Lake City. 

C. B. Burton. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 379-394. 2 fig, 
1 tab, 4 ref. 


Descriptors: *Electric powerplants, *Utah, *Water 
demand, *Water requirements, *Water resource 
management, *Water rights, *Water supply devel- 
opment, Drought, Energy costs, Flow rates, His- 
toric floods, Runoff, Snowmelt. 


During the 1970’s and 1980’s, Utah Power and 
Light Company constructed two steam-electric 
generating stations with a combined installed ca- 
pacity of 2000 megawatts in Emery County, Utah. 
Prior to construction, Utah Power and Light was 
faced with the dilemma of acquiring a firm water 
supply even during the driest years while minimiz- 
ing the impact on the agricultural economy of the 
area. Three basic problems became evident early in 
the preliminary investigations: (1) the runoff from 
Huntington, Cottonwood, and Ferron Creeks fluc- 
tuates greatly from month to month depending 
upon the pattern of snowmelt; (2) the annual water 
supply varies greatly from year to year depending 
on the snowpack accumulation during the winter; 
and (3) irrigation interests hold long standing de- 
creed and certified water rights to the flows in 
Huntington, Cottonwood, and Ferron Creeks. 
Monthly flow data were analyzed for the historical 
period of record dating back to the 1920’s. The 
driest cycle of record (1958-1961) followed by the 
driest year of record (1977) was used as the 
drought cycle for determining water supply avail- 
ability. A combination of irrigation direct flow 
water purchases from the three creeks, a new 
reservoir, purchase of existing irrigation reservoir 
storage rights, a firm annual water supply contract, 
new water applications for storage and natural 
flow and water exchanges were undertaken to 
meet power plant water requirements during the 
simulated extended drought cycle. (See also W90- 
10068) (Author’s abstract) 

W90-10093 


WATER SUPPLY. 

Visvesvaraya Regional Coll. of Engineering, 
Nagpur (India). Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5D. 
W90-10105 


WATER USE AND PUBLIC POLICY. 

Florida Agricultural and Mechanical Univ., Talla- 
hassee. Dept. of Civil Engineering. 

A. A. Dzurik. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 139- 
158, 5 fig, 6 tab, 27 ref, append. 


Descriptors: *Public policy, *Water policy, 
*Water resources management, *Water use, 
*Water users, Administrative agencies, Agricultur- 
al water, Forecasting, Hydrologic cycle, Industrial 
water, Municipal water, Public waters, Resources 
management, Water demand, Water distribution, 
Water law, Water management, Water supply. 
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Several concepts are important for gaining an un- 
derstanding of water resource systems. The hydro- 
logic cycle provides the basis for dealing with 
water resources by depicting a summary of flows 
in the earth’s water system. Water sources and 
supplies are important in formulating policies for 
water uses. While water resources may be plentiful 
on a national scale, variations over time and among 
regions cause differing concerns regarding exces- 
sive or inadequate quantities at the regional scale. 
Agriculture is the largest user of water nationally, 
consuming 155.6 billion gallons/day in 1980. Self- 
supplied industrial uses of water, excluding ther- 
moelectric power plants, accounted for 45.3 billion 
gallons/day in 1980. That same year 34 billion 
gallons/day was withdrawn for municipal use. 
Most water supply agencies use relatively simple 
methods for determining the future demands on an 
area’s water supply capabilities. Common ap- 
proaches for projecting municipal demand focus 
on population size and number of households, 
while industrial demand forecasting may rely upon 
number of employees, and agricultural demand 
may relate to crop type and acreage. The supply 
side of water use forecasting requires information 
on the sources available to meet projected demand 
and the amount that can be provided from these 
sources, as well as the costs and environmental 
effects. In most places, water is available from 
groundwater or surface water, or both. Water law 
applicable to surface water generally has followed 
the riparian rights system in the eastern United 
States, while the western states, where water 
supply is more limited, have followed the prior 
appropriation system. The administration of water 
resources law and policy is divided among federal, 
state, and local governments. (See also W90-10104) 
(Mertz-PTT 

W90-10109 


MAPPING OF IRRIGATION NEED BASED ON 
COMPUTERIZED SOIL AND CLIMATIC 
DATA. 

Copenhagen Univ. (Denmark). Geophysical Inst. 
H. B. Madsen, and K. A. Holst. 

Agricultural Water Management AWMADF, Vol. 
17, No. 4, p 391-407, March 1990. 8 fig, 4 tab, 25 
ref. 


Descriptors: *Denmark, *Irrigation water, *Maps, 
*Water demand, Agricultural water, Irrigation, 
Loam, Sand, Soil properties. 


Based on Danish soil classification and pedological 
investigations approximately 36,000 soil profiles 
have been constructed, and the root zone capac- 
ities for grass and barley have been calculated for 
Sonderjylland situated in south Jutland. Using an 
empirical model with daily values of potential eva- 
potranspiration and precipitation as driving varia- 
bles, the relationship between root zone capacity 
and irrigation need for different climatic zones is 
outlined and an irrigation map constructed. The 
mean irrigation need is two to three times higher 
for grass than for barley, mainly because of a 
longer growing season. In the eastern part of the 
area, where loamy Weichsel till dominates, the 
irrigation need is relatively low. In the western 
part, outwash plains, dune landscapes and Saale 
glaciation landforms dominate and these are 
mainly sandy. In this region the irrigation need is 
higher than in the loamy Weichsel area. In loamy 
areas the mean irrigation need for barley is normal- 
ly < 40 mm and on coarse sandy soils above 70 
mm. For grass, the mean irrigation need is normal- 
ly 100-140 mm on loamy soils and 130-170 mm on 
coarse sandy soils. Areas with high mean irrigation 
need for barley cover about 25% of Jutland and < 
5% of the area east of the Great Belt where areas 
with low mean irrigation need dominate. A regis- 
tration of irrigated farmland in Sonderjylland 
county shows that the major part of the irrigated 
farmland is situated in areas with mean irrigation 
needs > 60 mm and nearly none in areas with 
mean irrigation needs < 40 mm. (Lantz-PTT) 
W90-10164 


EFFICIENCY IN IRRIGATION: THE CON- 
JUNCTIVE USE OF SURFACE AND GROUND- 
WATER RESOURCES, 
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For primary bibliographic entry see Field 3F. 
W90-10358 


EFFICIENT USE OF SURFACE WATER AND 
GROUNDWATER IN IRRIGATION: AN OVER- 
VIEW OF THE ISSUES. 

International Bank for Reconstruction and Devel- 
opment, Washington, DC. Agricultural and Rural 
Development Dept. 

For primary bibliographic entry see Field 3F. 
W90-10359 


ALL IS NOT WELLS IN NORTH CHINA: IRRI- 
GATION IN YUCHENG COUNTY. 

Cornell Univ., Ithaca, NY. 

For primary bibliographic entry see Field 3F. 
W90-10366 


ESTIMATING THE EXTERNALITIES OF 
GROUNDWATER USE IN WESTERN ARGEN- 
TINA. 

Pontificia Univ. Catolica de Chile, Santiago. Eco- 
nomics Inst. 

For primary bibliographic entry see Field 3F. 
W90-10370 


GROUNDWATER AS A CONSTRAINT TO IR- 
RIGATION. 

Food and Agriculture Organization of the United 
Nations, Rome (Italy). 

For primary bibliographic entry see Field 3F. 
W90-10372 
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COMPLIANCE WITH INSTREAM FLOW 
AGREEMENTS IN COLORADO, MONTANA, 
AND WYOMING. 

Wyoming Cooperative Fishery and Wildlife Re- 
search Unit, Laramie. 

W. A. Hubert, C. Raley, and S. H. Anderson. 
Fisheries (Bethesda) FISHDN, Vol. 15, No. 2, p 8- 
10, March/April 1990. 1 tab, 9 ref. 


Descriptors: *Compliance, *Contracts, *Instream 
flow rights, *Stream fisheries, *Streamflow data, 
*Water resources development, *Water resources 
management, *Water rights, Colorado, Enforce- 
ment, Monitoring, Montana, Streamflow, Wyo- 
ming. 


A total of 119 stream locations were identified in 
Colorado, Montana, and Wyoming to which mini- 
mum streamflows have been applied as a result of 
agreements between management agencies and 
water developers. Post-agreement streamflow data 
were available for 12 months or more for only 61 
of the 119 locations. Assessment of these stream- 
flow data showed that flows below the minimum 
flow agreed upon by developers were common. 
Flows were below the minimum agreed upon at 
least one time at 54 locations and equaled only 
25% (or less) of the minimum agreed upon at least 
one time at 28 locations. Actual flows were lower 
than flows agreed upon for 20% or more of the 
time at 17 of the 61 locations. Limited monitoring 
and enforcement by permitting agencies appeared 
to contribute to the lack of compliance by water 
developers. (Author’s abstract) 

W90-09616 


WATER USE IN SAUDI ARABIA: PROBLEMS 
AND POLICY IMPLICATIONS. 

University of Petroleum and Minerals, Dhahran 
(Saudi Arabia). Dept. of Economics. 

For primary bibliographic entry see Field 6D. 
W90-09671 


HAZARDOUS WASTE AND CHEMICAL SUB- 
STANCES: STATUTORY REVIEW. 
Environmental Protection Agency, Washington, 
DC. Office of Toxic Substances. 

For primary bibliographic entry see Field 5E. 
W90-09828 


EFFICIENT MANAGEMENT OF MULTIPLE 
WATER SOURCES, GIVEN A RANGE OF 
QUALITY LEVELS AND USER QUALITY RE- 
QUIREMENTS. 

Arizona Univ., Tucson. Dept. of Agricultural Eco- 
nomics. 

For primary bibliographic entry see Field 6A. 
W90-09907 


OUTREACH--COMING TOGETHER TO HELP 
SMALL COMMUNITIES. 

Environmental Protection Agency, Washington, 
DC 

For primary bibliographic entry see Field 5D. 
W90-09909 


NEW YORK STATE SELF-HELP SUPPORT 
SYSTEM TECHNICAL ASSISTANCE AS A 
METHOD TO SOLVE WASTEWATER TREAT- 
MENT PROBLEMS. 

New York State Dept. of Environmental Conser- 
vation, Albany. 

For primary bibliographic entry see Field SD. 
W90-09910 


ON-SITE MANAGEMENT WITHIN A UTILITY 
FRAMEWORK. 

Lombardo and Associates, Inc., Boston, MA. 

For primary bibliographic entry see Field 5D. 
W90-09912 


LAND USE AND COST IMPACTS OF PRIVATE 
SEWAGE SYSTEM POLICY IN WISCONSIN. 
Wisconsin Univ.-Madison. Dept. of Urban and Re- 
gional Planning. 

For primary bibliographic entry see Field SD. 
W90-09913 


ESTABLISHMENT OF STATE RULES FOR 
LAND APPLICATION AND UTILIZATION OF 
SEPTAGE. 

Minnesota Univ., St. Paul. Dept. of Soil Science. 
J. L. Anderson, and R. E. Machmeier. 

IN: On-Site Wastewater Treatment. Proceedings 
of the Fifth National Symposium on Individual and 
Small Community Sewage Systems, Chicago, Illi- 
nois, December 14-15, 1987. ASAE Publication 10- 
87. American Society of Agricultural Engineers, 
St. Joseph, Michigan. 1985. p 68-76, 3 tab, 14 ref. 


Descriptors: *Land disposal, *Minnesota, *State 
jurisdiction, *Wastewater disposal, *Wastewater 
treatment, Domestic wastes, Local governments, 
Maintenance, Municipal wastewater, On-site 
wastewater treatment, Regulations, Septic tanks. 


In Minnesota, 25% of the households have individ- 
ual sewage treatment systems. To maintain these 
systems, septic tanks must be periodically cleaned 
to insure the delivery of high quality (low in 
suspended solids) effluent to the soil treatment 
area. If all septic tanks in Minnesota were cleaned 
every third year as recommended by some mainte- 
nance programs, approximately 570 million L (150 
million gallons) of septage would be generated 
annually. Many municipal wastewater treatment 
plants are unable to accept septage on a regular 
basis because they are already overloaded. There- 
fore, it may be more desirable to utilize septage for 
its nutrient value. Land application of septage is 
often subject to misconceptions by the public. Sep- 
tages may be confused with industrial or municipal 
sludges. Major elements of a state rule for septage 
application and utilization include: establishment of 
an Advisory Committee; outlining of the intent of 
the rule; providing definitions; and selecting land 
application locations; suitable soil characteristics; 
site permit requirements, land application practices 
and rates for crop production and other disposal 
methods. One major problem with the utilization 
of septage in a nutrient management program is the 
extremely variable nature of the material. This 
variability is likely due to different user behavior in 
cleaning frequency, lack of consistent cleaning, 
and even normal sampling error. The development 
of a comprehensive set of rules and standards for 
septage land application and utilization can be 
achieved by cooperation between state and local 


governments and industry. In Minnesota, the edu- 
cation and certification of individuals involved in 
cleaning septic tanks and land applying septage has 
been a part of the entire process of standards 
development. (See also W90-09908) (Lantz-PTT) 
W90-09917 


U.S. FISH AND WILDLIFE SERVICE AND 
THE ENVIRONMENTAL PROTECTION 
AGENCY’S ENDANGERED SPECIES PESTI- 
CIDE LABELLING PROGRAM: THEIR RELA- 
TIONSHIP AND ITS IMPACT ON AQUATIC 
WEED AND MOSQUITO CONTROL. 

Fish and Wildlife Service, Raleigh, NC. Raleigh 
Field Office. 

For primary bibliographic entry see Field 4A. 
W90-10031 


AREAS OF CRITICAL ENVIRONMENTAL 
CONCERN: A MANAGEMENT OPTION FOR 
SENSITIVE GROUNDWATER RECHARGE 
ZONES. 

Bureau of Land Management, Worland, WY. 

For primary bibliographic entry see Field 5G. 
W90-10075 


FEDERAL RESERVED WATER RIGHTS FOR 
DESIGNATED WILDERNESS AREAS AND 
OTHER SPECIFIC MANAGEMENT AREAS, 
Bureau of Land Management, Salt Lake City, UT. 
Utah State Office. 

B. Christensen, and T. F. Slater. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 325-337. 4 fig, 
18 ref, append. 


Descriptors: *Colorado, *Competing use, *Consti- 
tutional law, *Federal jurisdiction, *Federal re- 
served water rights, *Legal aspects, *Nationa! Wil- 
derness Preservation System, *National parks, 
*State jurisdiction, *Utah, *Water resource man- 
agement, *Water rights, Governmental interrela- 
tions, Judicial decisions, Wilderness areas, Zion 
National Park. 


A 1985 Colorado Court decision has resulted in 
recent concern that water rights and water re- 
source development programs in the West may be 
significantly limited as a result of certain designat- 
ed Federal management areas, such as units of the 
National Wilderness Preservation System, national 
parks, and wildlife refuges. The Federal water 
right exists as of the date of the designation and for 
the purposes of the designation. It is left to the land 
managing agency to define the precise need and 
extent of that right. The court case has prompted 
possible Congressional action. Many allegations 
have been raised during the wilderness study for 
Bureau of Land Management (BLM) lands in 
Utah. For example, the Virgin River, has tradition- 
ally been over-allocated in Utah, with more de- 
mands than the normal flow of the river would 
support. Federal reserved water rights in the river 
basin could have three differing results: (1) speci- 
fied minimum flow through Zion National Park, 
(2) natural outflow from tributary headwaters in 
Pine Valley Mountain wilderness area, and (3) no 
minimum flow at the Beaver Dam wilderness. The 
Green River is a major tributary to the Colorado 
River, with the BLM Desolation Canyon wilder- 
ness area covering about 60 miles of the river’s 
course. River uses include consumption, recrea- 
tion, power production, and fishing. The extent to 
which required instream flows at Desolation 
Canyon would limit upstream use and foster addi- 
tional downstream use is unknown. Birch Creek, 
located in the Deep Creek Mountains, is eligible 
for study for possible addition to the National Wild 
and Scenic Rivers System. If the Deep Creek 
Mountains are designated wilderness, a Federal 
reserved water right may or may not affect up- 
stream future uses. Lastly, Cottonwood Creek, lo- 
cated primarily in Utah, is approximately 40% 
contained within the BLM Spruce Canyon wilder- 
ness study area. If the Spruce Canyon area were 
designated as wilderness, a Federal reserved water 
right would have no effect on the current water 





rights and uses of Cottonwood Creek. Water asso- 
ciated with designation of Federal lands for special 
uses must be an integral part of the decision proc- 
ess. (See also W90-10068) (Brunone-PTT) 
W90-10089 


WATER FOR MINERAL DEVELOPMENT: AC- 
QUISITION AND DEVELOPMENT OF THE 
RIGHT. 

Vranesh and Raisch, Boulder, CO. 

G. Vranesh. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 367-378. 61 
ref. 


Descriptors: *Environmental policy, *Legal as- 
pects, *Mineral industry, *Public rights, *Regula- 
tions, *Water rights, Federal jurisdiction, State 
jurisdiction, Western United States. 


Several legal issues affect the mineral developer’s 
acquisition and development of water rights. A 
mineral developer must not limit his analysis to the 
acquisition of water rights pursuant to state water 
rights law but must also be prepared for important 
constraints on water rights development, both 
within and independent of the State water rights 
acquisition process. Acquisition of water rights 
under the western states’ system of prior appro- 
priation contains several obstacles. Impediments 
include Indian and Federal reserved water rights, 
Federal environmental laws, the ‘law of the river’, 
equitable apportionment, and the public trust doc- 
trine. (See also W90-10068) (Author’s abstract) 
W90-10092 


WATER USE AND PUBLIC POLICY. 

Florida Agricultural and Mechanical Univ., Talla- 
hassee. Dept. of Civil Engineering. 

For primary bibliographic entry see Field 6D. 
W90-10109 


yg ape RESOURCE MANAGEMENT 
PLANNING: THE CASE OF THE MIS- 

SOURI FLAT CREEK WATERSHED. 

Des Moines, IA. 

For primary bibliographic entry see Field 5G. 

W90-10227 


BEYOND SWAMPBUSTER: A PERMANENT 
WETLAND RESERVE. 


Economic Research Service, Washington, DC. Re- 
sources and Technology Div. 

R. E. Heimlich, M. B. Carey, and R. J. Brazee. 
Journal of Soil and Water Conservation JSWCA3, 
Vol. 44, No. 5, p 445-450, September/October 
1989. 3 fig, 1 tab, 31 ref. 


Descriptors: *Farm management, *Land use, 
*Nonpoint pollution sources, *Public policy, 
*Water pollution control, *Wetland restoration, 
Economic aspects, Economic impact, Farms, Land 
management, Legislation, Policy making, Water 
conservation, Wetlands. 


The perceived value of wetlands in the United 
States has increased rapidly over the past two 
decades. The history of federal policy toward wet- 
lands and agriculture reflects such changing public 
perceptions of wetlands. The Food Security Act of 
1985 contained a swampbuster provision that 
makes a farm operator who plants an annual crop 
on converted wetlands, ineligible for various pay- 
ments, loans and insurance coverage otherwise 
available to a farm under the act. The success of 
the swampbuster provision in slowing agricultural 
conversion of wetlands requires depends upon 
many complex factors, such as the amount of wet- 
land suitable for conversion and the dependance 
upon farm program benefits of a farm operation 
with land subject to wetland conversion. The abili- 
ty of the swampbuster provision to limit wetland 
conversion is greatly circumscribed by these con- 
ditions. Creation of a wetland reserve may be a 
more effective method for ensuring wetland con- 
servation. Such a reserve could be generated by 
two methods: (1) expansion of currently existing 
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programs to purchase fee title, permanent ease- 
ments of limited-term leases on agricultural wet- 
lands; or (2) through a wetiand restoration pro- 
gram to restore converted wetlands that are cur- 
rently used for cropland. The potential costs of 
such programs for creation 2.5, 5 and 10 million- 
acre wetland reserves are given. To evaluate a 
proposed wetland reserve, both the direct and 
indirect benefits of as well as its costs must be 
examined. Many of the potential costs and benefits 
of a wetland reserve program are poorly under- 
stood, such as its role in reducing crop price sup- 
port payments or the monetary equivalent of the 
social benefits of wetlands. Additional efforts by 
federal, state and local governments and private 
organizations will be needed if the national goal of 
a ‘no-net-loss’ of wetlands policy is to be achieved. 
(Hoskin-PTT) 

W90-10228 


CLEAN WATER, CLEAR CHOICES: AN 
ACTION AGENDA FOR AMERICAN AGRI- 
CULTURE, 


R. Wetherbee. 
Journal of Soil and Water Conservation JSWCA3, 


Vol. 44, No. 5, p 454-456, September/October 
1989. 


Descriptors: *Farm management, *Nonpoint pollu- 
tion sources, *Organizations, *Public policy, 
*Water pollution control, Agricultural chemicals, 
Agricultural water, Economic aspects, Farm 
wastes, Fertilizers, Groundwater pollution, 
Groundwater quality, Land use, Legislation, Pesti- 
cides, Policy making, Surface water, Water conser- 
vation, Water quality. 


As the debate over a farm bill to succeed the Food 
Security Act of 1985 develops, it is critical that 
agricultural interests assume a proactive rather 
than a reactive role in shaping federal farm policy. 
Any future farm bill is sure to contain provisions 
designed to protect soil and water resources from 
the potential detrimental effects of agricultural 
practices. The agricultural community should 
accept its share of responsibility and participate 
actively in the development and implementation of 
nonpoint pollution abatement strategies. The Na- 
tional Association of Conservation Districts 
(NACD) has been meeting with agricultural orga- 
nizations to discuss a practical approach to protect- 
ing groundwater and surface water supplies. A 
workable national initiative should coordinate, 
complement and build upon the success of local 
programs, such as those performed under the 
Clean Water Act Amendments of 1987 and 1977 
and implemented through local conservation dis- 
tricts. NACD proposes that the Congress endorse 
a national pollution prevention strategy to address 
agriculture-related water quality problems. This 
strategy would be implemented by expanding and 
accelerating research, educational, financial and 
technical assistance programs that promote the 
adoption of best management practices to protect 
surface water and groundwater. Accurate data 
should be collected on the condition of the nation’s 
water resources, feasible pollution standards devel- 
oped and water quality information and standards 
disseminated. The NACD stands ready to take a 
lead role in a cooperative effort and to work with 
federal and state governments in coordinating and 
carrying out a national water quality strategy and 
agricultural water pollution prevention program. 
(Hoskin-PTT) 

W90-10230 


LEGAL CONSIDERATIONS FOR COPING 
WITH EXTERNALITIES IN IRRIGATED AG- 
RICULTURE. 
Colorado State Univ., 
G. Radosevich. 

IN: Efficiency in Irrigation: The Conjunctive Use 
of Surface and Groundwater Resources. Winrock 
International, Arlington, Virginia. 1988. p 34-46, 2 
fig, 43 ref. 


Fort Collins. 


Descriptors: *Irrigation efficiency, *Legal aspects, 
*Political aspects, *Water resources management, 
Agriculture, Institutional constraints, Water alloca- 
tion, Water use. 


The role of institutions in the efficient use and 
development of water resources for irrigated agri- 
culture is examined. In the past two decades devel- 
oped and developing nations alike have tried to 
find out why irrigation systems are not as efficient 
or effective as they are designed to be. This prob- 
lem was focused on by: (1) briefly describing the 
externalities that arise in irrigated agriculture; (2) 
discussing the national institutional frameworks for 
water development and management in a global 
context; and (3) discussing the legal and institution- 
al causes of externalities and proposing ways to 
increase efficiency in water utilization. The legal 
or political system has an impact on a nation’s 
socioeconomic conditions, particularly with re- 
spect to the classification of public and private 
rights and the extent to which one infringes on the 
other. A second factor that significantly influences 
the type of water law system that develops is the 
geoclimatic environment. The geohydrological en- 
vironment is the third factor that helps shape a 
country’s water law system. The first step in any 
attempt to plan, manage, and control the develop- 
ment, allocation, and use of water resources is to 
determine the extent of the government’s authority 
over the resource. When evaluating the institution- 
al framework, it is important to be aware of the 
role externalities play in water development. 
Where serious questions of water use inefficiency 
exist, where levels of production are below expec- 
tations, and where projects fail to achieve their 
objectives, the search for solutions should begin 
not with technology but rather with the failure of 
the institutional system to employ properly the 
technologies already introduced. (See also W90- 
10358) (White-Reimer-PTT) 

W90-10361 
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PROCEEDINGS OF WORKSHOP ON MAN- 
AGEMENT OF AQUATIC WEEDS AND MOS- 
QUITOES IN IMPOUNDMENTS. 

For primary bibliographic entry see Field 4A. 
W90-10011 


ICE JAM FLOODING - EVOLUTION OF NEW 
YORK STATE’S INVOLVEMENT. 

New York State Dept. of Environmental Conser- 
vation, Albany. 

R. E. Wege. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 87-92, 3 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Flood plain management, *Ice jams, *New 
York, *Training, Channel flow, Education, Ice 
booms, Local governments, Public participation. 


An outline of the development of New York 
State’s involvement in assisting flood plain commu- 
nities impacted by ice jam flooding is discussed 
through illustrations of the state’s process by 
which state-of-the-art technology has been trans- 
lated and communicated to village, town and city 
Officials. This training effort has encouraged local 
government to help themselves and has substantial- 
ly reduced the number of requests for federal and 
state assistance. The success of ice jam training 
cannot be accurately determined. However, as a 
result of training many communities are recogniz- 
ing state and federal limitations and are taking 
action to mitigate their. ice jam problems. Local 
communities have removed channel blockages and 
in one case, have even constructed a bypass chan- 
nel. In another community, an ice boom was in- 
stalled. State training has contributed significantly 
to an understanding and awareness of ice jam 
flooding. As a result, reports of ice jam problems 
and requests for state and local assistance have 
steadily declined. (See also W90-10434) (Lantz- 
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6G. Ecologic Impact Of 
Water Development 


MANAGEMENT AND DEVELOPMENT OF 
AQUATIC HABITAT IN AGRICULTURAL 
DRAINAGE SYSTEMS. 

Illinois Univ. at Urbana-Champaign. Dept. of Civil 
Engineering. 

M. J. TerHaar, and E. E. Herricks. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-173790/ 
AS. Price codes: A07 in paper copy, AOI in micro- 
fiche. Illinois Water Resources Center, Urbana- 
Champaign, WRC Research Report No. 212, 
UILU-WRC-89-212, October 1989. 145p, 13 fig, 50 
tab, 71 ref, 5 append. USGS Project G1560-05. 


Descriptors: *Agricultural drainage, *Aquatic 
habitats, ‘*Fisheries, Agricultural watersheds, 
Channel morphology, Channelization, Embarras 
River, Illinois, Management, Restoration, Riparian 
vegetation, Vermilion River. 


Drainage improvements in agricultural watersheds 
have extensively modified midwestern streams and 
rivers and the flora and fauna associated with these 
water resources. The alteration of low order 
streams in Central Illinois has been particularly 
severe. This study is designed to support better 
management of these agricultural drainage systems 
through an improved understanding of the type 
and quantity of habitat required for maintenance of 
high quality fisheries and aquatic resources. Fisher- 
ies resources in two watersheds, the Middlefork of 
the Vermilion River in northeastern Champaign 
County, and the Embarras River in south central 
Champaign County were evaluated. The potential 
for a high quality fisheries was demonstrated. Ad- 
ditional analysis involved the assessment of habitat 
conditions in these basins with the objective of 
identifying modifications of existing drainage dis- 
trict maintenance procedures which would en- 
hance environmental quality and fishery potential 
while meeting engineering requirements for chan- 
nel hydraulic capacity, and flood stage elevation 
and duration. Three management options were 
evaluated: (1) maintenance of riparian vegetation; 
(2) development of instream cover as a habitat 
enhancement, and (3) increasing the number and 
depth of pools. The preferred option, considering 
both fish species habitat needs and impact on exist- 
ing drainage district maintenance practices, was 
increasing the number and depth of pools. Al- 
though an increase in instream cover would be 
expected to improve fisheries habitat, the expected 
hydraulic consequences may limit the application 
of this option. Maintenance of riparian vegetation 
would be expected to provide positive benefits to 
fisheries, but the improvement in overall habitat 
quality is more strongly related to instream habitat 
modifications. (Stout-IL WRC) 

W90-09556 


EFFECTS OF CHANGES IN TURBIDITY AND 
PHOSPHATE INFLUX ON THE ECOSYSTEM 
OF THE EMS ESTUARY AS OBTAINED BY A 
COMPUTER SIMULATION MODEL. 
Groningen Rijksuniversiteit (Netherlands). Dept. 
of Marine Biology. 
For primary bibliographic entry see Field 2L. 
-09686 


AVERAGE ANNUAL GROWTH AND CONDI- 
TION OF MUSSELS AS A FUNCTION OF 
FOOD SOURCE. 

Ministry of Transport and Public Works, Middel- 
burg (Netherlands). Tidal Waters Div. 

For primary bibliographic entry see Field 2L. 
W90-09695 


FLORA AND FAUNA OF THE SUBLITTORAL 
HARD SUBSTRATA IN THE OOSTERS- 
CHELDE (THE NETHERLANDS)--INTERAC- 
TIONS WITH THE NORTH SEA AND THE 
INFLUENCE OF A STORM SURGE BARRIER. 
Ministry of Transport and Public Works, The 
Hague (Netherlands). Tidal Waters Div. 

For primary bibliographic entry see Field 2L. 


W90-09696 


OOSTRESCHELDE ESTUARY (S. W. NETHER- 
LANDS): A SELF-SUSTAINING ECOSYSTEM. 
Delta Inst. for Hydrobiological Research, Yerseke 
(Netherlands). 

For primary bibliographic entry see Field 2L. 
W90-09697 


IMPACT OF UTILIZATION IN RIVER BASIN 
MANAGEMENT. 

Swedish Environmental Research Inst., Stock- 
holm. 

M. Enell. 

Aqua Fennica AQFEDI, Vol. 19, No. 2, p 153-157, 
1989. 4 fig, 1 ref. 


Descriptors: *Baltic Sea, *Wastewater utilization, 
*Water pollution control, *Water pollution 
sources, *Water quality control, *Water resources 
management, *Water use, *Watershed manage- 
ment, Agricultural watersheds, Air pollution, 
Forest watersheds, International waters, Nonpoint 
pollution sources, Poland, River basins. 


Environmental problems of today have a more 
international character than before and this is 
clearly shown by the eutrophication and problems 
with toxic substances noticed in the Baltic Sea and 
its sub-basins. The impact of utilization is not only 
an intra-country problem, it is an increasing prob- 
lem that must be solved between countries and 
continents. Until now enormous amounts of money 
have been spent to decrease the load from point 
sources. During recent years the impact from non- 
point sources, such as agriculture, forestry and 
long distance transport of air pollutants, have been 
stressed and verified. All countries around the 
Baltic Sea and its sub-basins have to work hard 
together to improve the water quality in the sea by 
decreasing the loads of nutrients, heavy metals and 
toxic substances. This work must start immediately 
and according to many of the investigations made, 
work must start in Poland, with the Vistula River. 
However, measures must also be taken in each 
country. (Author’s abstract) 

W90-09769 


ALTERNATIVES IN 
MANAGEMENT. 

For primary bibliographic entry see Field 4A. 
W90-09997 


REGULATED RIVER 


PERSPECTIVES FOR THE ECOLOGICAL 
MANAGEMENT OF REGULATED RIVERS. 
Loughborough Univ. of Technology (England). 
Dept. of Geography. 

For primary bibliographic entry see Field 4A. 
W90-09998 


ALTERNATIVE CHANNELIZATION PROCE- 
DURES. 


Thames Water Authority, Reading (England). 
Rivers Div. 

For primary bibliographic entry see Field 4A. 
W90-10002 


USE OF INSTREAM HABITAT IMPROVE- 
MENT METHODOLOGY IN MITIGATING 
THE ADVERSE EFFECTS OF RIVER REGULA- 
TION ON FISHERIES, 

Waikato Univ., Hamilton (New Zealand). Dept. of 
Biological Sciences. 

For primary bibliographic entry see Field 81. 
W90-10004 


APPLICATION OF A CLASSIFICATION AND 
PREDICTION TECHNIQUE BASED ON MA- 
CROINVERTEBRATES TO ASSESS THE EF- 
FECTS OF RIVER REGULATION. 
Freshwater Biological Association, 
(England). River Lab. 

For primary bibliographic entry see Field 7B. 
W90-10008 


Wareham 


ASSOCIATION OF AQUATIC PLANTS AND 
MOSQUITO PRODUCTION IN IMPOUND- 
MENTS. 

Tennessee Valley Authority, Muscle Shoals, AL. 
Div. of Water Resources. 

For primary bibliographic entry see Field 4A. 
W90-10012 


EFFECTS OF THE POWER PLANT COOLING 
WATER ON THE TEMPERATURE AND 
OXYGEN CONDITIONS OF LAKE HAAPA- 
JARVI IN WINTER (VOIMALAN JAAHDY- 
TYSVESIEN VAIKUTUS HAAPAJARVEN 
LAMPOTILA-JA HAPPIOLOIHIN TAL- 
VELLA). 

Imatran Voima Oy, Helsinki (Finland). 

For primary bibliographic entry see Field 5C. 
W90-10051 


EFFECT OF WATER ISSUES ON SITING OF 
ENERGY PROJECTS, AND THE REVERSE. 
Bureau of Land Management, Washington, DC. 
Div. of Planning and Environmental Coordination. 
D. C. Williams. 

IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
= Bethesda, Maryland. 1987. p 93-104. 3 fig, 
5 ref. 


Descriptors: *Competing use, *Site selection, 
*Water demand, *Water pollution sources, *Water 
resources management, *Water rights, Aquifers, 
Environmental impact statement, Groundwater 
pollution, Hydroelectric power, Mitigation, Pipe- 
lines, Public rights. 


Questions about the availability and quality of 
water resources can have a significant effect on the 
siting and approval of energy projects. Two clear 
examples are (1) the proposed Energy Transporta- 
tion Systems, Inc. Coal Slurry Pipeline, to run 
1664 miles from Wyoming coal fields to Louisiana; 
and (2) the proposed All American (Crude Oil) 
Pipeline, 1084 miles from California to Texas. In 
the first, the findings of Environmental Impact 
Statement demonstrated such effects from the use 
of water that the source had to be changed from 
groundwater formation to an existing reservoir. 
That still did not resolve the issue and the project 
was abandoned. The oil line was stymied for two 
years by concerns about potential spills in the 
aquifer supplying water to San Antonio, Texas, 
requiring substantial additional environmental anal- 
ysis, but the issue is about to be resolved. As 
originally proposed, each project had the potential 
to significantly affect either the supply or the qual- 
ity of water. In both cases, responsibility for the 
environmental analysis was that of the Bureau of 
Land Management, which has no responsibility for 
supply or quality in either project, while the pri- 
mary effects were on states and localities. This 
type of water-energy conflict is likely to continue, 
but several techniques are emerging for resolving 
these problems short of extended legal battles. (See 
also W90-10068) (Author’s abstract) 

'W90- 10074 


RECOMMENDATION AND EVALUATION OF 
A MITIGATIVE FLUSHING FLOW REGIME 
BELOW A HIGH MOUNTAIN DIVERSION. 
Wyoming Water Research Center, Laramie. 

For primary bibliographic entry see Field 4A. 
'W90- 10086 


FEDERAL RESERVED WATER RIGHTS FOR 
DESIGNATED WILDERNESS AREAS AND 
OTHER SPECIFIC MANAGEMENT AREAS. 
Bureau of Land Management, Salt Lake City, UT. 
Utah State Office. 

For primary bibliographic entry see Field 6E. 
W90-10089 


ACCOUNTING FOR ENVIRONMENTAL 
QUALITY IN WATER RESOURCES PLAN- 
NING, 

Stanford Univ., CA. Dept. of Civil Engineering. 





L. Ortolano. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 159- 
178, 2 fig, 8 tab, 61 ref. 


Descriptors: *Environmental impact, *Environ- 
mental quality, *Management planning, *Water 
management, *Water policy, *Water resources 
management, Administrative regulations, Decision 
making, Environmental policy, Environmental 
protection, Forecasting, Resources management, 
Surveys. 


Environmental laws and regulations enacted 
during the 1970s required that environmental fac- 
tors be accounted for in planning many types of 
facilities. New requirements led to much research 
on how environmental considerations could be ef- 
fectively integrated into all stages of project plan- 
ning. Impact identification typologies categorized 
environmental impacts commonly associated with 
typical water resources projects. Forecasting pro- 
cedures predicted the magnitude and extent of a 
water projects’s environmental impacts. Evalua- 
tion methods were developed for evaluating alter- 
native project proposals in terms of environmental, 
social and economic impacts. Agency implementa- 
tion surveys analyzed environmental impact assess- 
ment practices of water resources agencies. Policy 
enhancement studies investigated how the effec- 
tiveness of agency environmental impact assess- 
ments could be increased. A critical factor is the 
commitment of water resources agencies to use 
existing information and innovative planning pro- 
cedures to account for environmental quality in 
decision making. (See also W90-10104) (Mertz- 


'W90-10110 


INDUSTRIAL WASTE. 

Murdoch Univ. (Western Australia). School of En- 
vironmental and Life Science. 

For primary bibliographic entry see Field 5D. 
W90-10124 


HYDROLOGICAL AND ECOLOGICAL PROC- 
ESSES IN A COLORADO, ROCKY MOUNTAIN 
WETLAND: CASE STUDY. 

Terra Therma, Inc., Denver, CO. 

E. W. Rovey, C. Kraeger-Rovey, and D. J. 
Cooper. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 93-100, 3 fig, 
3 tab, 17 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Colorado, *Ecological effects, *Environ- 
mental impact statement, *Groundwater, *Wet- 
lands, Case studies, Cross Creek, Hydrologic 
budget, Plant growth, Runoff, Seasonal variation, 
Snowmelt, Vegetation, Water level. 


Wetlands of Cross Creek, Colorado, are controlled 
by flows in the main channel. Water levels in this 
creek have a seasonal cycle dominated by snow- 
melt runoff. Groundwater levels in these wetlands 
rise and fall in response to water levels in the main 
channel and tributaries that are affected by back- 
water from Cross Creek. Vegetation communities 
have developed in the wetlands depending on 
depths of standing water or depths to groundwat- 
er. Large diversions of summer runoff proposed by 
the Homestake II Water Diversion Project are 
predicted to decrease the main channel water 
levels an average 0.46 m during the growing 
season. Groundwater levels will decline in re- 
sponse to declining stream levels during the grow- 
ing season. The distribution of wetland plant spe- 
cies will change in response to declining ground- 
water levels during the growing season and some 
communities would probably die out. Therefore, 
Homestake II will have an adverse effect on wet- 
lands along Cross Creek. (See also W90-10434) 
(Lantz-PTT) 

W90-10444 


FORECASTING THE EFFECTS ON RIVER ICE 
DUE TO THE PROPOSED SUSITNA HYDRO- 
ELECTRIC PROJECT. 

Harza Engineering Co., oa. IL. 

N. W. Paschke, and H. W. Coleman. 

IN: Proceedings of the ——— Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
~— Bethesda, Maryland. 1986. p 557-563, 6 fig, 

ref. 


Descriptors: *Alaska, *Cold regions, *Environ- 
mental effects, *Hydroelectric plants, *Ice cover, 
*River ice, *Rivers, *Susitna River, *Water re- 
sources development, Forecasting, Hydraulic 
properties, Ice formation, Model studies, Physical 
properties. 


River ice processes affect the physical and hydrau- 
lic properties of many of the world’s rivers. Al- 
though winter flows are characteristically low, the 
additional friction and ice displacement within an 
ice-covered river can greatly increase the water 
surface elevation. The Susitna River, located in 
southcentral Alaska, is generally subject to river 
ice processes for 6 to 7 months of each year. 
Environmental studies in connection with the pro- 
posed Susitna Hydroelectric Project included doc- 
umentation of natural (pre-project) river ice condi- 
tions and forecasting the effects of the project on 
river ice. In this regard, a numerical river ice 
model was calibrated and applied to an 85-mile 
reach of the Susitna River downstream of the 
proposed project. The model simulations predicted 
delayed ice cover formation, reduced ice cover 
extent and earlier and milder spring meltout rela- 
tive to natural conditions. Greater natural 
river stages were predicted for some reaches, and 
mitigation measures will be proposed therein. 
Weather conditions and project stage were shown 
to substantially affect the expected river ice condi- 
tions. (See also W90-10434) tz-PTT) 
W90-10495 


7. RESOURCES DATA 
7A. Network Design 


COST EFFECTIVENESS OF THE STREAM- 
GAGING PROGRAM IN NEVADA. 

Geological Survey, Carson City, NV. Water Re- 
sources Div. 

F. E. Arteaga. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 87-4213, 
1990. 68p, 14 fig, 13 tab, 22 ref. 


Descriptors: *Cost analysis, *Data acquisition, 
*Mathematical models, *Model studies, *Network 
design, *Nevada, *Stochastic process, *Stream 
gaging, *Water resources data, Computer models, 
Dynamic programming, Kalman-filter theory, 
Linear programming, Optimization, Planning, 
River flow. 


The stream-gaging network in Nevada was evalu- 
ated as part of a nationwide effort by the U.S. 
Geological Survey to define and document the 
most cost-effective means of furnishing streamflow 
information. Specifically, the study dealt with 79 
streamflow gages and 2 canal-flow gages that were 
under the direct operation of Nevada personnel as 
of 1983. Cost-effective allocations of resources, 
including budget and operational criteria, were 
studied using statistical procedures known as 
Kalman-filtering techniques. The possibility of de- 
veloping streamflow data at ungaged sites was 
evaluated using flow-routing and statistical regres- 
sion analyses. Neither of these methods provided 
sufficiently accurate results to warrant their use in 
place of stream gaging. The 81 gaging stations 
were being operated in 1983 with a budget of 
$465,500. As a result of this study, all existing 
Stations were determined to be necessary compo- 
nents of the program for the foreseeable future. At 
the 1983 funding level, the average standard error 
of streamflow records was nearly 28%. This same 
overall level of accuracy could have been main- 
tained with a budget of approximately $445,000 if 
the funds were redistributed more equitably among 
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the gages. The maximum budget analyzed, 
$1,164,000 would have resulted in an average 
standard error of 11%. The study indicates that a 
major source of error is lost data. If perfectly 
Operating equipment were available, the standard 
error for the 1983 program and budget could have 
been reduced to 21%. (Thacker-USGS, WRD) 
W90-09542 


APPROPRIATE RECORD LENGTHS FOR THE 
ESTIMATION OF MEAN ANNUAL AND 
MEAN MONTHLY PRECIPITATION IN 
SOUTHERN AFRICA. 

Natal Univ., Pietermaritzburg (South Africa). 
Dept. of Agricultural Engineering. 

For primary bibliographic entry see Field 2B. 
W90-09753 


HYDROCHEMICAL APPLICATIONS OF THE 
ANALYSIS OF REPEATED MEASUREMENTS. 
Escuela Superior de Ingenieros, Bilbao (Spain). 
Dept. de Ingenieria Quimica y del Medio Am- 
biente. 

M. J. Villagra, G. Gomez, F. Romero, and J. Cruz- 
Sanjulian. 


Water SA WASADYV, Vol. 16, No. 2, p 109-114, 
April 1990. 2 fig, 2 tab, 9 ref. 


Descriptors: *Multivariate analysis, *Sampling, 
*Statistical methods, *Water chemistry, Coinci- 
dence, Performance evaluation, Proportionality, 
Repeated measurements, Saline water, Spain, 
Springs, Trilinear diagrams. 


A modified method for multivariate statistical anal- 
ysis of repeated samples, including coincidence and 
proportionality tests, has been programmed and 
applied to mineral and normal waters from the 
Basque Country (northeast Spain). The study con- 
sidered 60 individual and 24 replicated samples. 
Samples were obtained from 25 thermal, 4 saline, 
13 sulfur-containing, and 4 iron-containing waters. 
Springs were characterized by water and air tem- 
peratures, flows (not compared), and thirty param- 
eters, including major and minor constituents, dis- 
solved gases, pH, electrical conductivity, and resi- 
dues at 110 C and 600 C. Results corresponding to 
coincidence and proportionality (by dilution or 
different contact time with rocks) and not by pro- 
portionality of samples, based on determined pa- 
rameters, are presented. The analysis of repeated 
measurements, modified to perform coincidence 
and proportionality tests, is a good complement for 
the interpretation of chemical analyses by trilinear 
diagrams and multivariate statistical methods (e.g., 
factor and cluster analyses and multiple linear re- 
gression). A procedure is provided for direct com- 
parison of repeated or associated samples where 
the similarities and differences among parameters 
may be enhanced, with the added advantage of not 
being dependent on only the major ion composi- 
tion. The proposed methods seem appropriate not 
only for hydrochemical problems, but for natural 
and man-induced phenomena depending in several 
ways on a great number of variables. (Rochester- 


PTT) 
W90-09756 


GROUNDWATER MONITORING. 

Stollar (R.L.) and Associates, Santa Ana, CA. 

R. L. Stollar. 

IN: Subsurface Migration of Hazardous Wastes, 
Van Nostrand Reinhold, New York. 1990. p 169- 
264. 40 fig, 12 tab, 58 ref. 


Descriptors: *Contamination, *Groundwater pol- 
lution, *Hazardous wastes, *Monitoring wells, 
*Path of pollutants, *Soil contamination, Bore- 
holes, Chemical interactions, Microbial degrada- 
tion, Sample preservation, Samplers, Sampling, 
Soil properties, Water sampling. 


It is important to have a conceptual understanding 
of the groundwater flow characteristics at a site, 
and knowledge of the physical and chemical char- 
acteristics of potential contaminants and their 
interaction, before a monitoring program is de- 
signed. In order to design a monitoring program, a 
groundwater monitoring well is often constructed, 
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the purpose of which is to collect geologic data, 
collect groundwater data, collect chemical data on 
soil and water, and provide for long-term monitor- 
ing capabilities. Soil sampling for hazardous waste 
studies are required to characterize hydrogeologic 
conditions, soil contamination conditions, and po- 
tential transport pathways to groundwater. Soil 
samples are also collected for analyses of grain size 
and gradation relationships of granular materials to 
aid in proper well design. Regardless of the sam- 
pling method used, all sampling equipment should 
be decontaminated between each sampling event. 
When completing a monitoring well, several fac- 
tors must be considered in order to determine the 
best materials for the environmental conditions 
expected at a site. These factors include well depth 
and diameter, construction techniques, material 
strength, groundwater corrosiveness, microbiologi- 
cal activity, sorptive/desorptive properties of the 
chemical species in question, and material cost. 
Then the borehole is drilled, a casing and screen 
are placed in the borehole, and a filter pack, ben- 
tonite seal, and grout are placed around the casing. 
Then final steps for completing the well are carried 
out. These include surface protection, installing 
security devices, slitting and capping the well, 
marking a measurement point, and labeling the 
well. When drilling and sampling from the well, 
contaminated borehole materials and fluids may be 
generated. These contaminated materials should be 
properly stored prior to removal from the site and 
disposed of, if necessary, at a hazardous waste 
facility. Extreme precautions should be taken 
during sample collection, storage, and analysis to 
avoid contamination. (See also W90-09836) (Brun- 
one-PTT) 

W90-09842 


UNCERTAINTIES IN GROUND WATER 
CHEMISTRY AND SAMPLING PROCEDURES. 
Illinois State Water Survey Div., Champaign. 
Aquatic Chemistry Section. 

For primary bibliographic entry see Field 5A. 
W90-09870 


UNIFIED WET DEPOSITION DATA SUMMA- 
RIES FOR NORTH AMERICA: DATA SUMMA- 
RY PROCEDURES AND RESULTS FOR 1980- 


1986. 
Battelle-Northwest, Richland, WA 


A. R. Olson, E. C. Voldner, 
Chan, and T. L. Clark. 
Atmospheric Environment ATENBP, Vol. 24A, 
No. 3, p 661-672, 1990. 3 fig, 9 tab, 28 ref. 


D. S. Bigelow, W. H. 


Descriptors: *Acid rain, *Chemistry of precipita- 
tion, *Data collections, *Data quality control, 
*Databases, *Networks, *Nitrates, *Sulfates, Ana- 
lytical methods, Model studies, North America, 
Regional analysis. 


A framework for data quality assessment of annual 
seasonal precipitation chemistry data summaries is 
presented. Consideration has been given to (1) 
using data from regional or national networks with 
established quality assurance/quality control pro- 
grams and well documented network operation 
protocols, (2) assessing regional representativeness 
of each site, (3) determining quantitative measures 
to define data completeness levels, and (4) docu- 
menting the calculation procedures used to com- 
pute precipitation-weighted mean concentrations 
and wet deposition amounts. The procedures de- 
scribed here are applied to data collected from 
1980 to 1986 by five major acid deposition moni- 
toring networks in North America and examples of 
annual sulfate deposition summaries are reported. 
It is recommended that the concepts of site repre- 
sentativeness, data completeness and overall data 
quality levels be adopted by the user community 
and routinely be reported along with a data sum- 
mary. Further work on assessing accuracy and 
precision to accompany the data quality levels is 
required. (Author’s abstract) 

W90-10212 


DAILY OBSERVATIONS: 
RITUAL OR IMPOSITION. 
Meteorological Service, Wellington (New Zea- 
land) 


NECESSITY, 


K. J. A. Revfeim. 

International Journal of Climatology IJCLEU, 
Vol. 10, No. 1, p 105-110, January/February 1990. 
3 tab, 6 ref. 


Descriptors: *Climatic data, *Data acquisition, 
*Network design, *Statistical methods, *Weather 
data collections, Meteorological data collection, 
Rainfall, Temperature. 


The cost of paid observers and inconvenience to 
voluntary observers brings into question the neces- 
sity for climate observations on weekends and 
public holidays. Proper interpretation of extreme 
or accumulated values, carried through to observa- 
tions on the next workday, shows negligible effect 
on derived characteristics compared with regular 
daily observations. Statistical methods are given 
for parameter estimation, where some of the values 
are specified as data bounds. Monthly characteris- 
tics are estimated for a 123-year rainfall record and 
59-year temperature record to validate the proce- 
dures. (Author’s abstract) 

W90-10294 


GROUNDWATER QUALITY MONITORING 
UNDER DIFFERENT AGRICULTURAL CON- 
DITIONS. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field 5B. 
W90-10394 
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DEVELOPMENT AND FIELD EVALUATION 
OF A CATENARY TRAIL-TUBE SYSTEM FOR 
REDUCING IRRIGATION WATER LOSSES. 
South Dakota State Univ., Brookings. Dept. of 
Agricultural Engineering. 

S. T. Chu, and D. W. De Boer. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165200/ 
AS. Price codes: A04 in paper copy, AO1 in micro- 
fiche. Final Technical Report, 1989. 54p, 8 ~~ 13 
tab, 7 ref. USGS Contract 14-08-0001-G1283 


Descriptors: *Catenary trail-tube system, *Irriga- 
tion design, *Irrigation water loss, *Water use 
efficiency, Crop yield, Hydraulics, Runoff, South 
Dakota, Sprinkler systems, Water-use data. 


Trail tube technology has the potential to minimize 
irrigation water losses, maximize water use effi- 
ciencies and minimize energy requirements associ- 
ated with the application of water. A theoretical 
analysis of the hydraulics of a catenary trail tube 
system was successfully completed and expressed 
in the form of elevation, tube flow rate, friction 
loss and pressure distributions along the length of a 
tube. The maximum deviation between theoretical 
and measured tube flow rates was 3.5% of the total 
flow rate which was judged to be an excellent 
verification of the developed theory. Three trail 
tube treatments (1.5 m, 3.0 m and 4.5 m tube 
spacings) and one low pressure (40 kPa) sprinkler 
treatment were evaluated in a field study on a silt 
loam soil in north central South Dakota. Water 
application uniformities decreased with an increase 
in tube spacing. Representative coefficients of uni- 
formities were 90, 70, 55 and 45% for the sprinkler 
and 1.5 m, 3.0 m and 4.5 m spacing, respectively. 
Mean runoff depths were nearly the same for the 
1.5 m and 3.0 m treatments but were about one half 
of the sprinkler and 4.5 m runoff values for corn 
and soybean plots. Differences in water application 
uniformities and surface runoff depths did not have 
a significant impact on corn or soybean yields. 
(USGS) 

W90-09525 


COST EFFECTIVENESS OF THE STREAM- 
GAGING PROGRAM IN NEVADA. 

Geological Survey, Carson City, NV. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7A. 
W90-09542 


ESTIMATING PUMPING TIME AND 
GROUND-WATER WITHDRAWALS USING 
ENERGY-CONSUMPTION DATA, 

Geological Survey, Denver, CO. Water Resources 


Vv. 
For primary bibliographic entry see Field 2F. 
W90-09543 


TROPICALISATION OF AUTOMATIC 
WEATHER STATIONS AND INITIAL RE- 
SULTS FOR IMPROVED IRRIGATION 
WATER MANAGEMENT IN REUNION 
ISLAND. 

Institut de Recherches Agronomiques Tropicales 
et des Cultures Vivrieres, St.-Denis (Reunion). 

For primary bibliographic entry see Field 3F. 
W90-09571 


USING TIME-DOMAIN REFLECTOMETRY 
TO MEASURE SOIL WATER IN HAWAIIAN 
SUGARCANE. 

Hawaiian Sugar Planters’ Association, Aiea. Ex- 
periment Station. 

D. A. Grantz, M. H. Perry, and F. C. Meinzer. 
Agronomy Journal AGJOAT, Vol. 82, No. 1, p 
144-146, January/February 1990. 3 fig, 1 tab, 11 
ref. 


Descriptors: *Instrumentation, *Moisture probe, 
*Reflectance techniques, *Soil moisture meters, 
*Soil water, *Sugarcane, Data acquisition, Evapo- 
transpiration, Hawaii, Volcanoes. 


Time-domain reflectometry (TDR) has been sug- 
gested as a convenient technique for quantifying 
soil water in agronomic experiments. Sampling 
protocols and installation techniques remain to be 
described and the validity of a ‘universal’ calibra- 
tion equation remains to be tested in iron rich 
volcanic soils. Thus, TDR was evaluated in this 
study for measurement of volumetric soil-water 
content in an extensive sugarcane field in Hawaii. 
Matched pairs of probes, 0.359 m and 0.725 m 
long, were installed vertically at various distances 
from the drip irrigation line at six locations in a 
well-watered field. This sampling protocol re- 
solved the diurnal depletion of soil water due to 
evapotranspiration and the decline in soil water 
with distance from the drip irrigation line, both 
occurring largely within the surface 0.36 m of soil. 
Independent measurements of soil-water content 
using gravimetric methods confirmed the accuracy 
of the TDR determinations and validated a univer- 
sal calibration for iron-rich Hawaiian soils. A rapid 
technique was developed to install probes, using a 
wooden guide to keep the probes parallel and 5 cm 
apart. The probes remained functional throughout 
the 2-year crop cycle. Use of spaced arrays of 
TDR probes is safer, more convenient, and more 
suited to automation of data acquisition, reduction, 
and analysis, than conventional methods of assess- 
ing volumetric water content. (Author’s abstract) 
W90-09587 


DETERMINATION OF IODINE IN OYSTER 
TISSUE BY ISOTOPE DILUTION LASER RES- 
ONANCE IONIZATION MASS SPECTROME- 
TRY 


National Inst. of Standards and Technology 
(NML), Gaithersburg, MD. Center for Analytical 
Chemistry. 

J. D. Fassett, and T. J. Murphy. 

Analytical Chemistry ANCHAM, Vol. 62, No. 4, 
p 386-389, February 15, 1990. 1 tab, 22 ref. 


Descriptors: *Analytical techniques, *Chemical 
analysis, *Iodine radioisotopes, *Mass spectrome- 
try, *Oysters, *Trace elements, *Water analysis, 
Animal tissues, Iodine, Lasers, Precision, Tissue 
analysis. 


The accurate measurement of iodine in foods is 
vital to understanding human dietary intake and 
verifying that minimum daily allowances are ob- 
served. The technique of laser resonance ionization 
mass spectrometry has been combined with isotope 
dilution analysis to determine iodine in oyster 
tissue. The long-lived radioisotope, 1129, was used 
to spike the samples. Samples were equilibrated 





with the 1129, wet ashed under controlled condi- 
tions, and iodine separated by coprecipitation with 
silver chloride. The analyte was dried as silver 
ammonium iodide upon a tantalum filament from 
which iodine was thermally desorbed in the reso- 
nance ionization mass spectrometry instrument. A 
single-color, two-photon resonant plus one-photon 
ionization scheme was used to form positive iodine 
ions. Long-lived iodine signals were achieved from 
100 ng of iodine. The precision of 1127/1129 meas- 
urement (1.0%) has been evaluated by replicate 
determinations of the spike, the spike calibration 
samples, and the oyster tissue samples. Measure- 
ment precision among samples were 1.9% for the 
spike calibration and 1.4% for the oyster tissue. 
The concentration of iodine determined in SRM 
1566a, Oyster Tissue, was 4.44 micrograms/g with 
an estimate of the overall uncertainty for the analy- 
sis of +/minus 0.12 micrograms/g. (Author’s ab- 
stract) 

W90-09589 


MODIFIED AUTOANALYZER II METHOD 
FOR THE DETERMINATION OF NO3-N IN 
WATER USING A HOLLOW-CD REDUCTION 
COIL. 


Florida Univ., Gainesville. Inst. of Food and Agri- 
cultural Sciences. 

C. L. Elliott, G. H. Snyder, and J. L. Cisar. 
Communications in Soil Science and Plant Analy- 
sis CSOSA2, Vol. 20, No. 17/18, p 1873-1879, 
1989. 1 fig, 1 ref. 


Descriptors: *Analytical techniques, *Autoana- 
lyzers, *Chemical analysis, *Colorimetry, *Ni- 
trates, *Pollutant identification, *Water analysis, 
Cadmium, Columns, Measuring instruments, Nitro- 
gen, Water quality. 


The Technicon AutoAnalyzer II (AAII) is used 
routinely by many laboratories for determination 
of NO3-N in water. The methodology involves the 
use of a packed-Cd (cadmium) column for reduc- 
tion of NO3-N to NO2-N, which subsequently is 
determined colorimetrically. A newer instrument, 
the Technicon TRAACS 800, uses a hollow-Cd 
coil for NO3-N reduction. A method is described 
for adapting the hollow-Cd coil to the AAII for 
determination of NO3-N in water samples. The 
NO3-N channel of an AAII that was configured 
for the simultaneous determination of NH4-N and 
NO3-N was outfitted with two Cd-coils connected 
in series, an approximate ten-fold dilution loop to 
accommodate a NO3-N concentration range of 0.4 
to 20 mg/L (no loop is required for a range of 0.04 
to 2.0 mg/L), and various hydraulic modifications. 
This adaptation was found to increase throughput 
rate and to decrease the time required for column 
preparation. The completeness of NO3-N reduc- 
tion was determined to be > 99% for two coils in 
series, and > 75% for a single coil. Precision when 
using a double coil for analysis of 30, 10 mg/L 
calibrants during a typical production run was 
determined to be 2.1%. Over 500, 20 mg/L cali- 
brants were analyzed with no observable loss of 
NO3-N reduction efficiency. (Author’s abstract) 
W90-09604 


PRECIPITATION RETRIEVAL OVER LAND 
AND OCEAN WITH THE SSM/1: IDENTIFICA- 
TION AND CHARACTERISTICS OF THE 
SCATTERING SIGNAL. 

National Aeronautics and Space Administration, 
Huntsville, AL. George C. Marshall Space Flight 
Center. 

R. W. Spencer, H. M. Goodman, and R. E. Hood. 
Journal of Atmospheric and Oceanic Technology 
JAOTES, Vol. 6, No. 2, p 254-273, April 1989. 15 
fig, 14 ref. 


Descriptors: *Climatology, *Meteorological data 
collection, *Microwaves, *Precipitation mapping, 
*Remote sensing, *Satellite technology, Clouds, 
Ice, Precipitation, Radar, Radiometry, Storms. 


Precipitation in warm and cold land and ocean 
environments was identified using the Defense Me- 
teorological Satellite Programs’s Special Sensor 
Microwave/ Imager (SSM/I). The high intensity 
of the SSM/I 85.5 GHz channels to volume scat- 
tering by precipitation, especially ice above the 


freezing level, is the basis for this identification. 
This ice scattering process causes SSM/I 85.5 GHz 
brightness temperatures to occasionally fall below 
100 K. The polarization diversity available at 85.5 
GHz from the SSM/I allows discrimination be- 
tween low brightness temperatures due to surface 
water bodies versus those due to precipitation. An 
85.5 GHz polarization corrected temperature 
(PCT) is formulated to isolate the precipitation 
effect. A PCT threshold of 255 K is suggested for 
the delineation of precipitation. This threshold is 
lower than what would generally be expected from 
nonprecipitating cloud water alone, yet high 
enough to sense relatively light precipitation rates. 
Based upon aircraft radiometric measurements 
compared with radar derived rain rates, as well as 
model calculations, the corresponding average rain 
rate threshold is determined to be 1-3 mm/h. The 
majority of precipitation that falls on the earth 
exceeds this rate. Because the 85.5 GHz measure- 
ments of oceanic storms are often dominated by 
scattering due to precipitation above the freezing 
levels, while the 19.35 GHz radiances are dominat- 
ed by emission due to rain below the freezing level, 
there is independent information about the gross 
vertical structure of oceanic precipitation systems 
from the SSM/I. Deviations from the average 
relationship between 19.35 GHz warming and 85.5 
GHz cooling are suggested for use as a diagnostic 
tool to evaluate lower rain level/upper level ice 
relative abundances. (Author’s abstract) 


90-09622 


CHEMILUMINESCENCE SENSOR WITH 


URANINE IMMOBILIZED ON AN ANION-EX- 
CHANGE RESIN FOR MONITORING FREE 
CHLORINE IN TAP WATER. 

Tokyo Metropolitan Univ. (Japan). Dept. of Indus- 
trial Chemistry. 

For primary bibliographic entry see Field 5F. 
W90-09626 


FLOW-INJECTION DETERMINATION OF 
ORGANIC CONTAMINANTS IN WATER 
USING AN ULTRAVIOLET-MEDIATED TITA- 
NIUM DIOXIDE FILM REACTOR. 
Commonwealth Scientific and Industrial Research 
Organization, Lucas Heights (Australia). Lucas 
Heights Research Labs. 

For primary bibliographic entry see Field 5A. 
W90-09627 


CARBON- AND NITROGEN-TO-VOLUME 
RATIOS OF BACTERIOPLANKTON GROWN 
UNDER DIFFERENT NUTRITIONAL CONDI- 
TIONS. 

Kyoto Univ., Otsu (Japan). Otsu Hydrobiological 
Station. 

For primary bibliographic entry see Field 2H. 
W90-09629 


APPLICATION OF REMOTE SENSING AND 
SOIL WATER BALANCE SIMULATION 
MODELS TO DETERMINE THE EFFECT OF 
GROUNDWATER EXTRACTION ON CROP 
EVAPOTRANSPIRATION. 

Winand Staring Centre for Integrated Land, Soil 
and Water Research, Wageningen (Netherlands). 
For primary bibliographic entry see Field 2D. 
W90-09651 


SOME EMPIRICAL RELATIONS FOR THE 
PREDICTION OF SOIL EVAPORATION, 
TRANSPIRATION AND ROOT WATER 
UPTAKE UNDER FIELD CONDITIONS. 
Agriculture and Water Resources Research 
Centre, Baghdad (Iraq). Dept. of Soil Science. 
For primary bibliographic entry see Field 2D. 
W90-09660 


METHODS FOR DISTINGUISHING _ BE- 
TWEEN SINGLE AND MULTIPLE DISCHARG- 
ER SITUATIONS. 

Illinois Univ. at Urbana-Champaign. Newmark 
Civil Engineering Lab. 

For primary bibliographic entry see Field SB. 
W90-09668 
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LANDSAT AND LIMNOLOGICALLY DE- 
a WATER QUALITY DATA: A PERSPEC- 


Hydrological Research Inst., Pretoria (South 
Africa). 


A. Howman, D. Grobler, P. Kempster, and A. 
Seed. 


Environmental Monitoring and Assessment 
EMASDH, Vol. 13, No. 1, p 1-9, August 1989. 5 
fig, 9 ref. 


Descriptors: *Data acquisition, *Limnology, 
*Remote sensing, *Reservoirs, *South Africa, 
*Water quality, Calibration, Chlorophyll, Mathe- 
matical models, Performance evaluation, Regres- 
sion analysis, Roodeplaat Dam, Satellite technolo- 
gy, Spatial distribution. 


Fixed station sampling is the conventional method 
used to obtain data on the median water quality of 
reservoirs. A major source of uncertainty associat- 
ed with this technique is that water quality at the 
fixed stations may not be representative of the 
ambient water quality in the reservoir at the time 
of sampling. This problem is particularly relevant 
for water quality variables such as chlorophyll that 
have a markedly patchy spatial distribution. The 
use of Landsat reflectance data to estimate median 
chlorophyll concentration in Roodeplaat Dam 
(South Africa) was investigated. A linear polyno- 
mial regression model for estimating chlorophyll 
concentrations from Landsat reflectance data, was 
calibrated first with chlorophyll concentration data 
obtained by sampling seven fixed stations on the 
reservoir at the time of the satellite overflight to 
produce an individual calibration. Second, the 
model was calibrated with a pooled set of sampled 
data obtained from five separate overflights to 
obtain a generalized calibration. Median chloro- 
phyll concentrations determined from Landsat-de- 
rived data were similar to median chlorophyll con- 
centrations estimated from fixed station data. How- 
ever, the range of chlorophyll concentrations in 
the reservoir estimated from Landsat data was 
considerably larger than that estimated from fixed 
station data. Landsat-derived estimates of chloro- 
phyll concentrations have the added advantage of 
providing information on the spatial distribution of 
chlorophyll in the reservoir. (Author’s abstract) 


MACROINVERTEBRATES IN THE DEM- 
MERIK DITCHES (THE NETHERLANDS): 
THE ROLE OF ENVIRONMENTAL STRUC- 
TURE 


Rijksinstituut voor Natuurbeheer, Leersum (Neth- 
erlands). Dept. of Hydrobiology. 

For primary bibliographic entry see Field 2H. 
W90-09735 


ISOLATION AND ANALYSIS OF PARTICU- 
LATE DETRITUS AS AN AID TO STUDIES ON 
THE NUTRITIONAL ECOLOGY OF DEPOSIT 
FEEDERS. 

Amsterdam Univ. (Netherlands). Dept. of Aquatic 
Ecology. 

J. Dorgelo, and P. E. G. Leonards. 
Hydrobiological Bulletin HYBUD9, Vol. 23, No. 
2, p 201-206, December 1989. 2 fig, 3 tab, 23 ref. 


Descriptors: *Centrifugation, *Decomposing or- 
ganic matter, *Detritus, *Laboratory methods, 
Bacteria, Diatoms, Fauna, Organic carbon, Quali- 
tative analysis. 


Particulate detritus, inhabited by decomposer 
microorganisms, is a pivotal part of the diet of 
deposit feeders. Its isolation and qualitative analy- 
sis is a major step in unraveling their nutritional 
ecology. By submitting detritus (sensu latiore) con- 
sisting of the fractions particulate detritus (sensu 
stricto), mineral particles, mesofaunal elements, 
cyanobacterial colonies, and other microalgae such 
as diatoms, to density gradient centrifugation 
(DGC) in Percoll and Ludox-TM, the major part 
of detritus (senso stricto) could be separated. Qual- 
itative analysis of the fractions proved that the 
organic carbon (and to a small extent) the N con- 
tent of the fractions distinguished after DGC were 
higher than those of detritus (sensu lato) before 
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DGC, probably due to contamination of the gradi- 
ent material. (Rochester-PTT) 
W90-09737 


APPROPRIATE RECORD LENGTHS FOR THE 
ESTIMATION OF MEAN ANNUAL AND 
MEAN MONTHLY PRECIPITATION IN 
SOUTHERN AFRICA. 

Natal Univ., Pietermaritzburg (South Africa). 
Dept. of Agricultural Engineering. 

For primary bibliographic entry see Field 2B. 
W90-09753 


AUTOMATED DETERMINATION OF NI- 
TRATE IN WATER. 

Hydrological Research 
Africa). 

For primary bibliographic entry see Field 5A. 
W90-09755 


Inst., Pretoria (South 


HYDROCHEMICAL APPLICATIONS OF THE 
ANALYSIS OF REPEATED MEASUREMENTS. 
Escuela Superior de Ingenieros, Bilbao (Spain). 
Dept. de Ingenieria Quimica y del Medio Am- 
biente. 

For primary bibliographic entry see Field 7A. 
W90-09756 


CONVECTIVE CLOUD CHARACTERISTICS 
FOR THE BETHLEHEM AREA. 

Weather Bureau, Pretoria (South Africa). Dept. of 
Environmental Affairs. 

For primary bibliographic entry see Field 2B. 
W90-09757 


EFFECT OF STORAGE AND SULPHURIC 
ACID ADDITION ON ANALYTICAL RESULTS 
OF NITROGEN AND PHOSPHORUS IN 
WATER SAMPLES CONTAINING ERODED 
MATERIAL. 

Maatalouden Tutkimuskeskus, Jokioinen (Finland). 
Inst. of Crop and Soil Science. 

For primary bibliographic entry see Field 5A. 
W90-09763 


DEVELOPMENT OF A DEFINITIVE METHOD 
FOR IODINE SPECIATION IN AQUATIC SYS- 
TEMS. 

Regensburg Univ. (Germany, F.R.). Inst. fuer An- 
organische Chemie. 

For primary bibliographic entry see Field 2H. 
W90-09773 


BLEIDNER VAPOUR PHASE EXTRACTION 
TECHNIQUE FOR THE DETERMINATION OF 
ORGANOCHLORINE COMPOUNDS IN LAKE 
SEDIMENTS. 

Biologische Bundesanstalt fuer Land- und 
Forstwirtschaft, Berlin (Germany, F.R.). Abt. fuer 
Oekologische Chemie. 

I. Schuphan, W. Ebing, J. Holthofer, R. Krempler, 
and E. Lanka. 

Fresenius Zeitschrift fuer Analytische Chemie 
ZACFAU, Vol. 336, No. 7, p 564-566, April 1990. 
2 tab, 13 ref. 


Descriptors: *Chemical analysis, *Chlorinated hy- 
drocarbons, *Laboratory methods, *Lake sedi- 
ments, *Pollutant identification, *Sediment analy- 
sis, DDT, Pesticides, Polychlorinated biphenyls, 
Vaporization. 


Trace analysis studies of sediments have become 
important for the determination of: xenobiotica 
burden, age dating of layers, and vertical move- 
ment of compounds directed to groundwater. Such 
studies demand sensitive, quick, and easy methods 
suitable for the rational analysis of many series of 
samples in order to establish data describing sedi- 
ment core profiles in detail. The vapor phase ex- 
traction technique according to Bleidner has been 
applied to the trace analysis of organochlorine 
pesticides and polychlorinated biphenyls in water 
sediments. This method eliminates time consuming 
drying, extracting, and cleanup steps in comparison 
with the conventional (Soxhlet) methods. The 


method is sufficiently sensitive and shows satisfy- 
ing recovery results, with the exception of gamma- 
HCH. Low yields from the DDT family were 
found to be caused by irreversible adsorption to 
sediment and fast metabolizing power of this sub- 
strate, rather than artifacts. (Fish-PTT) 

W90-09774 


PARTITIONING OF RAINFALL IN A EUCA- 
LYPT FOREST AND PINE PLANTATION IN 
SOUTHEASTERN AUSTRALIA: I. THROUGH- 
FALL MEASUREMENT IN A _ EUCALYPT 
FOREST: EFFECT OF METHOD AND SPE- 
CIES COMPOSITION. 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

For primary bibliographic entry see Field 2A. 
W90-09777 


PRECIPITATION OBSERVED OVER THE 
SOUTH CHINA SEA BY THE NIMBUS-7 
SCANNING MULTICHANNEL MICROWAVE 
RADIOMETER DURING WINTER MONEX. 
Georgia Univ., Athens. School of Environmental 
Design. 

For primary bibliographic entry see Field 2B. 
W90-09787 


ROLE OF THE LONG-TERM WATER BAL- 
ANCE IN MANAGEMENT OF STORMWATER 
INFILTRATION. 

Georgia Univ., Athens. School of Environmental 
Design. 

For primary bibliographic entry see Field 4B. 
W90-09788 


IMPROVED HYDROLOGIC FORECASTING-- 
RESULTS FROM A WMO REAL-TIME FORE- 
CASTING EXPERIMENT. 

Iowa Univ., Iowa City. Dept. of Civil and Envi- 
ronmental Engineering. 

For primary bibliographic entry see Field 2E. 
W90-09792 


ESTIMATION OF RUNOFF-ROUTING 
MODEL PARAMETERS USING INCOMPATI- 
BLE STORM DATA. 

Newcastle Univ. (Australia). Dept. of Civil Engi- 
neering. 

For primary bibliographic entzy see Field 2A. 
W90-09793 


POINT RAINFALL MODEL BASED ON A 
THREE-STATE CONTINUOUS MARKOV OC- 
CURRENCE PROCESS. 

Australian National Univ., Canberra. Centre for 
Resource and Environmental Studies. 

For primary bibliographic entry see Field 2B. 
W90-09797 


CONVECTIVE AND STRATIFORM COMPO- 
NENTS OF A WINTER MONSOON CLOUD 
CLUSTER DETERMINED FROM GEOSYN- 
CHRONOUS INFRARED SATELLITE DATA. 
Washington Univ., Seattle. Dept. of Atmospheric 
Sciences. 

For primary bibliographic entry see Field 2B. 
W90-09804 


USING CHEMICAL ANALYSES AND ASSESS- 
ING QUALITY IN AQUEOUS ENVIRONMEN- 
TAL MONITORING PROGRAMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

For primary bibliographic entry see Field 5A. 
W90-09871 


HYDROLOGIC AND GEOCHEMICAL MONI- 
TORING IN LONG VALLEY CALDERA, 
MONO COUNTY, CALIFORNIA, 1986. 
Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

C. D. Farrar, M. L. Sorey, S. A. Rojstaczer, A. C. 


Steinemann, and M. D. Clark. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4033, 
1989. 69p, 24 fig, 33 tab, 11 ref. 


Descriptors: *California, *Geochemistry, *Long 
Valley Caldera, *Monitoring, *Seismology, Hy- 
drologic data, Mono County, Water level fluctua- 
tions, Water quality. 


The U.S. Geological Survey continued to monitor 
hydrologic and geochemical conditions in the 
Long Valley caldera during 1986. The monitoring 
is directed toward detecting changes in the hydro- 
logic system caused by tectonic or magmatic proc- 
esses. Data collected during 1986 include chemical 
and isotopic composition of water from selected 
streams sites, springs, and wells; pumpage from 
four geothermal wells; flow rates of selected 
springs and stream sites; mean daily water or gas 
temperatures at selected sites; mean daily atmos- 
pheric pressures and water level at selected wells, 
and precipitation records for two sites. Seismicity 
within the caldera persisted at a relatively low 
level compared with the more active periods of 
1978-84. The most significant events of seismicity 
that affected hydrologic monitoring sites in Long 
Valley during 1986 occurred during July, in re- 
sponse to the Chalfant Valley earthquakes, cen- 
tered about 20 miles southeast of the caldera. 
Water level records for three wells show distinct 
responses to the Chalfant Valley earthquakes. 
(USGS) 

W90-09899 


SANITARY SURVEYS FOR SMALL RURAL 
COMMUNITIES. 

Ohio State Univ., Columbus. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field SD. 
W90-09911 


ISOTOPE TECHNIQUES IN 
SOURCES DEVELOPMENT. 

Proceedings of an International Symposium held 
March 30-April 3, 1987, Vienna, Austria. Interna- 
tional Atomic Energy Agency, Vienna. 1987. 815p. 


WATER  RE- 


Descriptors: *Data acquisition, *Hydrology, *Iso- 
tope studies, *Isotopes, *Tracers, *Water resources 
development, Arid lands, Groundwater dating, 
Sediment transport, Surface-groundwater rela- 
tions, Thermal water. 


The proceedings of an international symposium on 
the use of isotope techniques in water resources 
management held in Vienna, 30 March through 3 
April 1987 as presented. The symposium was the 
seventh of its kind organized by the International 
Atomic Energy Agency, in cooperation with the 
United Nations Educational, Scientific and Cultur- 
al Organization. The proceedings contain the 
papers of oral presentations addressing the follow- 
ing topics: thermal water studies, groundwater 
dating, hydrology of arid and semi-arid areas, field 
studies with environmental isotopes, precipitation- 
surface-groundwater relationships: pollution, artifi- 
cial tracers, and sediment transport. A substantial 
number of the papers are concerned with the solu- 
tion of practical hydrological problems, while the 
development of new techniques is reported in sev- 
eral papers. (See W90-09952 thru W90-09991) 
(MacKeen-PTT) 

W90-09951 


GROUNDWATER DATING WITH HELIUM 
ISOTOPES. 

Gesellschaft fuer Strahlen- und Umweltforschung 
m.b.H. Muenchen, Neuherberg (Germany, F.R.). 
Inst. fuer Radiohydrometrie. 

For primary bibliographic entry see Field 2F. 
W90-09957 


SIMULATION OF THE TRANSPORT OF THE 
C-14 IN THE TOTAL DISSOLVED INORGANIC 
CARBON (DIC) IN CONFINED AQUIFERS 
USING A CONVECTIVE-DISPERSIVE AP- 





PROACH (SIMULATION DU TRANSPORT DU 
CARBONE 14 DU CITD DANS LE AQUIFERS 
CAPTIFS PAR UNE APPROCHE CONVECTO- 
DISPERSIVE). 

Paris-11 Univ., Orsay (France). Lab. d’Hydrologie 
et de Geochemie Isotopique. 

For primary bibliographic entry see Field 2F. 

Ww 958 


EVAPORATIVE ENRICHMENT OF DEUTERI- 
UM AND 0-18 IN ARID ZONE IRRIGATION. 
Lamont-Doherty Geological Observatory, Pali- 
sades, NY. 

For primary bibliographic entry see Field 2F. 
W90-09964 


RUNOFF HYDROGRAPH ANALYSIS IN AG- 
RICULTURAL WATERSHEDS BY OXYGEN-18. 
Universidade Estadual Paulista, Botucatu (Brazil). 
Faculdade de Ciencias Agronomicas. 

P. R. Leopoldo, J. C. Martinez, and J. Mortatti. 
IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 521-538. 3 fig, 15 tab, 11 ref. 


Descriptors: *Agricultural runoff, *Agricultural 
watersheds, *Brazil, *Hydrograph analysis, *Iso- 
tope studies, *Recharge, Analytical methods, Bufa- 
los Watershed, Groundwater runoff, Hydrology, 
Oxygen isotopes, Paraiso Watershed. 


The application of the oxygen-18 method in the 
runoff hydrograph analysis of two agricultural wa- 
tersheds was studied. After verifying the basic 
conditions necessary for the application of this 
methodology, the experiment was carried out on 
two small watersheds, with surface areas of 1.58 
and 3.27 sq km and drained by the Bufalos and 
Paraiso Streams, respectively. During the period of 
the experiment, 13 runoff hydrograph events were 
analyzed, eight in the Bufalos Watershed and five 
in the Paraiso Watershed. The two watersheds 
were characterized by highly permeable soils. The 
results obtained by this method were compared to 
the empirical ‘n days’ method of classical hydrolo- 
gy. The oxygen-18 hydrograph separations indicat- 
ed that the groundwater was the principal compo- 
nent of the total discharge. For the Bufalos Water- 
shed, the groundwater flux varied from 54.5% to 
93.4%, with a mean value of 82.0%, while for the 
Paraiso Watershed, the variation was from 47.0% 
to 86.6%, with a mean value of 63.2%. The values 
estimated by the empirical n days method were 
considerably less, with means of 51.6% and 40.4%, 
respectively. (See also W90-09551) (Author’s ab- 
stract) 

W90-09981 


USE OF RADIOISOTOPE TRACERS TO IDEN- 
TIFY THE LOCATION OF SEEPAGE AREAS 
IN A DAM. 

Australian Atomic Energy Commission, Suther- 
land. Lucas Heights Research Labs. 

For primary bibliographic entry see Field 8A. 
W90-09986 


COMPARATIVE STUDY OF TWO TRACER 
METHODS FOR DETERMINING THE HY- 
DRODYNAMIC PARAMETERS OF POROUS, 
SATURATED AQUIFERS (ETUDE COMPARA- 
TIVE DE DEUX METHODES DE TRACEURS 
POUR LA DETERMINATION DES PARA- 
METRES HYDRODYNAMIQUES DES AQUI- 
FERES POREUX SATURES). 

CEA Centre d’Etudes Nucleaires de Grenoble 
(France). Section des Applications des Traceurs. 
B. Gaillard, P. Calmels, R. Margrita, A. Bourg, 
and P. Peaudecerf. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 605-621. 4 fig, 3 tab, 9 ref. English summa- 
ry. 


Descriptors: *Aquifer properties, *Groundwater 
movement, *Isotope studies, *Isotopic tracers, 


*Radioactivity techniques, *Tracers, Comparison 
studies, Hydrodynamics. 


Methods using radioactive, chemical or fluorescent 
tracers to determine the hydrodynamic parameters 
of porous, saturated aquifers under natural flow 
conditions are well known, their main advantage 
being that they do not disturb the systems under 
study. These methods often lead to experiments of 
very long duration due to the modest flow rates of 
groundwater. Lack of advance knowledge of the 
direction of natural flow may necessitate making 
several boreholes downstream of the injection bore 
in order to be sure of detecting the tracer plume. 
These methods are thus relatively costly. During 
the long experiment times required, the hydraulic 
conditions (aquifer capacity, hydraulic gradient 
and even direction of flow) often change so that it 
is no longer possible to relate the results obtained 
to any precise conditions. Methods of convergent 
radial flow tracing were developed quite recently 
to counter these problems. The tracer or tracers 
are injected into one or more boreholes around a 
central bore, which is pumped out and which is 
where the return of the tracers is observed. Here, 
the hydraulic gradient is a major, controllable 
factor and the flow rates produced are greater than 
in natural flow; this shortens the time needed for 
the experiments and thus the amount by which 
natural conditions can change during them. In 
practice, however, the strict conditions for radial 
flow from injection boreholes around the extrac- 
tion bore are rarely met, and the natural ground- 
water flow combines with the flow produced by 
pumping. Problems thus arise as regards the inter- 
pretation and validity of the results. The paper 
contains a critical comparative study of the two 
methods, which were used in tandem at several 
sites. (See also W90-09551) (Author’s abstract) 
W90-09987 


SURVEY OF APPLICATIONS OF NON-RA- 
DIOACTIVE BUT NEUTRON ACTIVATABLE 
GROUNDWATER TRACERS. 

Pennsylvania State Univ., University Park. Brea- 
zeale Nuclear Reactor. 

W. A. Jester, and D. C. Raupach. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 623-633. 4 fig, 17 ref. 


Descriptors: *Analytical methods, *Geohydro- 
logy, *Groundwater movement, *Isotope studies, 
*Neutron activation analysis, *Tracers, Chelated 
rare earths, Field tests, Halogens, Inorganic com- 
pounds, Reviews. 


Twenty years of research in the use of non-radio- 
active but environmentally acceptable groundwat- 
er tracers which can be detected by means of 
neutron activation analysis are reviewed. Potential 
tracers evaluated include the halogen ions (bro- 
mide, chloride, and iodide); certain other inorganic 
ions frequently found in the soil; and chelated rare 
earths. These tracers have undergone laboratory 
tests using soil column and slurry tests, and the 
most promising ones have been field tested. Where 
possible, the resulting breakthrough curves have 
been compared with those produced by a tritiated 
water tracer used under the same test conditions. 
The authors have used this technique in solving a 
variety of different types of water movement prob- 
lems, including determining the interconnection 
between sink holes and springs and between sur- 
face water and groundwater sources; determining 
the amount of recirculation of water pumped from 
wells and mines; and identifying sources of water 
pollution such as acid mine drainage. The tech- 
nique has also been used to measure hydrogeologi- 
cal parameters of soil systems, using it in one-well 
and two-well pump tests. It was also the basis for 
the recent development of techniques for parame- 
ter determination by modelling and mathematical 
unfolding of breakthrough curves. For those coun- 
tries which have their own research reactor(s), this 
technique could be a valuable tool for conducting 
hydrology studies in remote or populated areas. 
(See also W90-09551) (Author’s abstract) 
W90-09988 


RESOURCES DATA—Field 7 


Data Acquisition—Group 7B 


INVESTIGATION OF SEDIMENT TRANS- 
PORT IN THE AUSTRIAN PART OF THE 


DANUBE USING ENVIRONMENTAL ISO- 
TOPES. 

Bundesversuchs- und Forschungsanstalt Arsenal, 
Vienna (Austria). 

For primary bibliographic entry see Field 2J. 
W90-09989 


MODELS FOR PREDICTING BENTHIC MA- 
CROINVERTEBRATE HABITAT SUITABILITY 
UNDER REGULATED FLOWS. 

Tulsa Univ., OK. Dept. of Biological Sciences. 
For primary bibliographic entry see Field 2H. 
W90-10007 


APPLICATION OF A CLASSIFICATION AND 
PREDICTION TECHNIQUE BASED ON MA- 
CROINVERTEBRATES TO ASSESS THE EF- 
FECTS OF RIVER REGULATION. 
Freshwater Biological Association, 
(England). River Lab. 

P. D. Armitage. 

IN: Alternatives in Regulated River Management. 
CRC Press, Inc., Boca Raton, Florida. 1989. p 267- 
293, 8 fig, 8 tab, 86 ref. 


Wareham 


Descriptors: *Aquatic habitats, *England, *Ma- 
croinvertebrates, *Model studies, *Regulated flow, 
*River management, *Scotland, *Species composi- 
tion, *Wales, Bioindicators, Classification, Com- 
puter models, Environmental effects, Mathematical 
models, Prediction, RIVPACS. 


The assessment of the environmental impact of 
dams and impoundments on the downstream biota 
has been the subject of much recent study. Fre- 
quently, assessment of the ecological status of a site 
is based on limited data and somewhat subjective 
judgment. All methods of assessment would be 
improved if it were possible to predict the expect- 
ed fauna in the absence of regulation or any pertur- 
bation. A classification procedure has recent been 
developed in Great Britain and applied to regulat- 
ed streams. The River Invertebrate Prediction and 
Classification System (RIVPACS) is a computer- 
based classification and prediction technique that 
uses environmental data to classify sites and pre- 
dict the probability of capture of faunal taxa at 
unsampled sites. The system is based on macroin- 
vertebrate data (> 600 taxa) collected from 370 
unpolluted sites on 61 rivers throughout Great 
Britain. Data were collected in spring, summer, 
and autumn at each sites following a standardized 
procedure. RIVPACS has been applied to various 
regulated sites to demonstrate its uses. Specifically, 
these can be classified as: (1) monitoring (assess- 
ment of general status of a site, demonstration of 
affinities between regulated and unregulated 
reaches, and providing a measure of the degree of 
perturbation from the unperturbed state); (2) iden- 
tification of ‘sensitive’ taxa; and (3) simulation of 
environmental stress (future role). Classification of 
sites groups together those that will be most affect- 
ed by altered flow conditions. Knowledge of this 
type allows decisions to be made concerning prior- 
ities for action regarding mitigation or for more 
detailed studies. RIVPACS can predict both abun- 
dance of families and probability of occurrence of 
families and species. In recent tests, RIVPACS has 
been shown to work well in Great Britain (Eng- 
land, Scotland, and Wales). (See also W90-09997) 
(Rochester-PTT) 

W90-10008 


MONITORING TECHNIQUES FOR MOSQUI- 
TOES ASSOCIATED WITH IMPOUNDMENTS. 
North Carolina Div. of Health Services, Winston- 
Salem. Public Health Pest Management Branch. 
For primary bibliographic entry see Field 4A. 
W90-10029 


LOW LEVEL REMOTE SENSING OF AQUAT- 
IC WEEDS. 

Tennessee Valley Authority, Muscle Shoals, AL. 
Div. of Water Resources. 

A. L. Bates. 

IN: Proceedings of Workshop on Management of 





Field 7—RESOURCES DATA 


Group 7B—Data Acquisition 


Aquatic Weeds and Mosquitoes in Impoundments, 
March 14-15, 1989, University of North Carolina 
at Charlotte. Water Resources Research Inst. 
Report No. 247, 1989. p 133-136, 6 ref. 


Descriptors: *Aquatic weeds, *Monitoring, 
*Remote sensing, Aquatic plants, Data acquisition, 
Floating plants, Species composition, Submerged 
plants, Vegetation. 


Aerial photography, a remote sensing technology, 
is often used in assessing and planning aquatic plant 
management programs. This technology can aid 
the natural resources manager in determining the 
species, spatial distribution and abundance of most 
submerged and emergent aquatic plants in aquatic 
and wetland sites. One of the obvious limitations of 
aerial photographic techniques is the temporal 
nature of photography; unless frequent overflights 
are made, the photographic survey is limited to the 
conditions that exist at the time of photography. 
The initial determination in aerial photographic 
assessment, aside from the purpose for conducting 
the remote sensing, is the location and approximate 
size of the area to be assessed. Film type should be 
selected based on the predominant aquatic plant 
growth form. Prints made from color-negative film 
using aerial mapping cameras provides greater ac- 
curacy for mapping submerged aquatic vegetation, 
such as watermilfoil. The submerged macrophytes 
are depicted in their natural color thus allowing 
the interpreter to delineate colonial species in most 
cases. ‘Ground truthing’ by personnel familiar with 
the area and species in order to establish reference 
signatures on aerial photography is also important. 
(See also W90-1011) (Mertz-PTT) 

W90-10030 


SIMULTANEOUS DETERMINATION OF NI- 
TRATE AND NITRITE IN NATURAL WATER 
AND WASTE WATER FROM URANIUM 
MINES WITH DUAL-WAVELENGTH SPEC- 
TROPHOTOMETRIC METHOD (IN CHI- 
NESE). 

China Nuclear Information Centre, Beijing. 

For primary bibliographic entry see Field 5A. 
W90-10063 


ADVANCED REMOTE SENSING APPROACH- 
ES IN GROUNDWATER EXPLORATION. 
Western Atlas International, Inc., Houston, TX. 
Aero Service Div. 

For primary bibliographic entry see Field 2F. 
W90-10069 


WATER MANAGEMENT USING INTERAC- 
TIVE COMPUTER SIMULATION. 

Montana State Univ., Bozeman. Dept. of Civil 
Engineering. 

A. B. Cunningham, and J. R. Amend. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 71-84, 
15 fig, 1 tab, 8 ref. 


Descriptors: *Computer models, *Microcomput- 
ers, *Model studies, *Simulation, *Water manage- 
ment, *Water resources management, Interactive 
computer simulation, Mathematical studies, Opti- 
mization, Resources management, Water policy. 


Recent advances in microprocessor technology 
have made possible inexpensive and realistic com- 
puter simulation of complex natural resource and 
engineering systems. Main-frame computer simula- 
tion has traditionally been used for investigation of 
system response to external forces. The rapid re- 
sponse time possible with high-capability, low-cost 
dedicated microprocessor systems allows a new 
type of computer simulation in which the research- 
er is placed in the computer feedback loop, inter- 
acting with system operation problems as they 
occur. Generalized water resource system models 
are utilized to simulate system behavior that is 
representative of conditions within a given geo- 
graphical region. Microprocessor-based water 
management simulators were first used to develop 
college level and public education programs deal- 
ing with water resource system operation prob- 
lems. Interactive computer simulation is also used 


as a contemporary water resource system analysis 
tool. The traditional system analysis modeling 
techniques for optimization and simulation have 
different but related applications in water re- 
sources research and policy investigations. Optimi- 
zation models are usually concerned with deter- 
mining the best option from many system oper- 
ation alternatives, given a clearly defined operator 
goal. Similarly, simuiation involves mathematical 
modeling of system processes in order to gain 
insight into overall system behavior. (See also 
W90-10104) (Mertz-PTT) 

W90-10106 


REAL-TIME RESERVOIR OPERATIONS BY 
MATHEMATICAL PROGRAMMING. 

Lakehead Univ., Thunder Bay (Ontario). School 
of Engineering. 

E. K. Can, and M. H. Houck. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 85-96, 3 
fig, 2 tab, 21 ref. 


Descriptors: *Computer modeling, *Computer 
programs, *Forecasting, *Mathematical studies, 
*Process control, *Reservoir operation, Model 
studies, Optimization, Reservoir releases, Reser- 
voirs. 


Until recently, the focus of most modeling efforts 
on reservoir systems has been on the planning and 
design of those systems. The focus has now moved 
to the operation and management of reservoir sys- 
tems. The optimal, real-time operation of reservoir 
systems requires the determination of the most 
efficient release schedule to satisfy the given physi- 
cal, environmental, and policy constraints. The 
reservoir pool levels and the flows at downstream 
control points are computed from releases. The 
decisions are based on limited forecast information. 
Inflows to the reservoirs, evaporations from the 
reservoir surfaces, seepage from the reservoirs and 
channels, uncontrolled tributary flows downstream 
of the reservoirs, and precipitation are forecasted. 
These forecasts are not perfect and they are only 
available for a limited time horizon. The time step 
used in the analysis depends on the nature of the 
problem. In general, short time steps such as daily, 
six-hour, or even hourly are used. It is possible to 
express the general real-time operations problem as 
a mathematical programming model. (See also 
W90-10104) (Mertz-PTT) 

W90-10107 


PIEZOMETER INSTALLATION AND MONI- 
TORING UNDER ARTESIAN CONDITIONS. 

K. L. Logani. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 369- 
392, 16 fig, 5 tab, 57 ref. 


Descriptors: *Aquifer characteristics, *Artesian 
pressure, *Confined groundwater, *Piezometers, 
*Pore pressure, *Pressure-measuring instruments, 
Artesian wells, Data collections, Hydrologic data 
collections, On-site data collections, Well casings, 
Well drilling. 


Under ordinary conditions, pore pressure can 
easily be measured by installing pore pressure 
measuring devices (piezometers) by known con- 
ventional techniques. Piezometers can also be in- 
stalled under most artesian conditions and those 
conditions can be monitored by utilizing proce- 
dures compatible with the field conditions. Selec- 
tion of the boring method in a given situation 
depends upon economics, natural properties of soil 
or rock, efficiency of the boring procedure in the 
material encountered, possible disturbance of mate- 
rial sampled, and depth of the artesian stratum. 
Boreholes may be filled with water, drilling fluid 
or mud, cement grout, or steel casing to stabilize 
the piezometer. There are three types of piezo- 
meters suitable for artesian conditions: (1) vibrating 
wire, (2) pneumatic, and (3) hydraulic. Data is 
recorded either at each individual piezometer loca- 
tion or at a central terminal. The data processing 
can either be done manually or by computer data- 
base system. Data should be interpreted by intelli- 


gent and experienced technical personnel. Ad- 
dresses of piezometer manufacturers are listed. 
(See also W90-10104) (Mertz-PTT) 

W90-10116 


SURVIVAL OF THE FATTEST. IMPLICA- 
TIONS FOR ACUTE EFFECTS OF LIPOPHI- 
LIC CHEMICALS ON AQUATIC POPULA- 
TIONS. 

Environmental Research Lab., Athens, GA. 

For primary bibliographic entry see Field 5C. 
W90-10138 


MECHANOTRON TRANSDUCER OF TRANS- 
VERSE VELOCITY FLUCTUATIONS OF THE 
ONCOMING FLOW, 

For primary bibliographic entry see Field 8B. 
W90-10154 


DEVELOPMENT AND EVALUATION OF AN 
ACID PRECIPITATION MONITOR’ FOR 
FRACTIONAL EVENT SAMPLING WITH CA- 
PABILITY FOR REAL-TIME PH, AND CON- 
DUCTIVITY MEASUREMENT. 

Northrop Services, Inc., Research Triangle Park, 
NC. 

K. G. Kronmiller, W. D. Ellenson, R. E. 
Baumgardner, R. K. Stevens, and R. J. Paur. 
Atmospheric Environment ATENBP, Vol. 24A, 
No. 3, p 525-536, 1990. 8 fig, 1 tab, 7 ref. EPA 
Contracts 68-02-2566 and 68-02-4443. 


Descriptors: *Acid rain, *Field tests, *Hydrogen 
ion concentration, *Measuring instruments, *Rain 
gages, Monitoring, Sample preservation. 


An acid precipitation monitor has been developed 
that collects fractions of rain events, measures the 
pH and conductivity in real-time, and stores the 
remaining samples under refrigerated conditions. A 
Z-80 microprocessor controls all operations of the 
monitor including sample collection, sample analy- 
sis, quality control analysis, and data recording. 
Quality control analysis consists of analysis upon 
demand of a low-ionic-strength solution. The mon- 
itor was evaluated in the field and about 40 rain 
events were monitored. Excellent stability of the 
PH electrode was found under field conditions. 
(Author’s abstract) 

W90-10209 


DYNAMIC CHEMICAL CHARACTERIZATION 
OF MONTANE CLOUDS. 

North Carolina State Univ. at Raleigh. Dept. of 
Marine, Earth and Atmospheric Sciences. 

For primary bibliographic entry see Field 2B. 
W90-10211 


BRICK SEWER LIFE EXTENDED. 

Brown and Caldwell, Seattle, WA. 

For primary bibliographic entry see Field 5D. 
W90-10218 


TROUBLESHOOTING ULTRASONIC LEVEL 
METERS. 
D. Soltz. 

Water Engineering and Management WENMD2, 
Vol. 137, No. 4, p 37-39, April 1990. 


Descriptors: *Data quality control, *Error analy- 
sis, *Instrumentation, *Maintenance, *Sound 
waves, *Ultrasonics, *Water level, *Water level 
recorders, Data collections, Data interpretation, 
Performance evaluation, Water measurement, 
Water tanks. 


Misleading signals from parasitic echoes can be 
caused by temperature and surface waves. These 
two factors should be accounted for when evaluat- 
ing data from ultrasonic devices. Compensating for 
air temperature can be accomplished by adding a 
temperature probe and a non-linear compensating 
function. Parasitic echoes usually caused by reflec- 
tions from pipes, ladders, rough weld seams on 
tank walls and from the tank liquid level can be 
minimized by proper selection of transducer- 





mounting location or by using a stilling well. An- 
other source of parasitic echoes has been observed 
in covered tanks, where secondary echoes are re- 
flected from the tank ceiling. To distinguish be- 
tween true target echoes and parasitic ones, the 
solution is based on ‘majority vote.’ True target 
signals are present most of the time while parasitic 
echoes appear only intermittently. Because stand- 
ard software was insufficient, a new algorithm was 
developed which rejects any new level that is a 
selected percentage different from the established 
average level. Consecutive rejected readings are 
counted and, if they exceed a given count they are 
accepted as true level-change readings. (Feder- 


'W90-10220 


LABORATORY TESTS OF A THEORY OF FIN- 
GERING DURING INFILTRATION INTO LAY- 
ERED SOILS. 

ENSR, Acton, MA. 

For primary bibliographic entry see Field 2G. 
W90-10247 


ANALYSIS OF SURFACE CHLOROPHYLL A 
DISTRIBUTION AND SATELLITE DATA IN 
OMURA BAY. 

For primary bibliographic entry see Field 2H. 
W90-10267 


ION-SELECTIVE FIELD EFFECT TRANSIS- 
TOR FOR IN SITU PH MONITORING OF WET 
DEPOSITION. 

Zurich Univ. (Switzerland). Inst. of Inorganic 
Chemistry. 

P. Alean-Kirkpatrick, J. Hertz, and A. Schriber. 
International Journal of Environmental Analytical 
Chemistry IJEAA3, Vol. 37, No. 4, p 149-159, 
1990. 7 fig, 12 ref. 


Descriptors: *Acid rain, *Hydrogen ion concentra- 
tion, *Instrumentation, *Ion-selective field effect 
transistors, *Measuring instruments, *Monitoring, 
Data acquisition, In situ tests, Performance evalua- 
tion, Rainfall, Switzerland, Temperature. 


The search for a suitable miniature electrode 
system for in situ measurements of the pH of wet 
deposition has led to tests with hydrogen-ion sensi- 
tive field effect transistors (pH-ISFETs). Initial 
testing was done under laboratory conditions and 
focused on the stability and reproducibility of the 
electrode response under flow conditions, first 
with buffered solutions in the pH range 4.1 to 5.0 
(a range typical for rainfall in this area of Switzer- 
land) and thereafter with unbuffered solutions in 
the pH range 3.0 to 5.0. Emphasis was also placed 
on the choice of reference electrode and on the 
design of the flow cell for field tests. The effect of 
temperature on the ISFET response--with a view 
to eventually compensating for this parameter-- 
could be followed by means of a diode mounted on 
the ISFET holder. Based on the results of labora- 
tory tests, the application of ISFETs appears to be 
a viable alternative to the glass electrode, with the 
additional advantages that the ISFET is more 
rugged, smaller and responds faster. The stability 
and reproducibility of the response in the pH range 
tested (3.0 to 5.0) are within well-tolerable limits 
especially when the reference electrode is posi- 
tioned ‘parallel’ to the direction of flow. There 
appears to be no difference in the stability of the 
response between buffered and unbuffered solu- 
tions. Initial field tests have produced encouraging 
results. There is a need for temperature measure- 
ment and compensation, and on-line conductivity 
measurements are essential before the results can 
be interpreted quantitatively. Problems remain 
with the collection system which delivers the rain 
to the cel in bursts instead of at a continuous, 
constant flow. That a conventional reference elec- 
trode has to be used in the system means that there 
are still errors arising from the residual liquid 
junction potential. If these problems can be solved, 
there seems no reason to doubt that the system as it 
now stands could record the pH of rain continu- 
ously with reasonable accuracy. (Lantz-PTT) 
W90-10273 


DETERMINATION OF TOTAL ORGANIC 
HALIDE IN WATER: A COMPARATIVE 
STUDY OF TWO INSTRUMENTS. 
Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

For primary bibliographic entry see Field 5A. 
W90-10274 


DETERMINATION OF HYDRAULIC CON- 
DUCTIVITY AND POROSITY LOGS IN 
WELLS WITH A DISTURBED ANNULUS. 
Nevada Univ., Reno. Desert Research Inst. 

For primary bibliographic entry see Field 2F. 
W90-10277 


AIRBORNE DISCRIMINATION BETWEEN 
ICE AND WATER: APPLICATION TO THE 
LASER MEASUREMENT OF CHLOROPHYLL- 
IN-WATER IN A MARGINAL ICE ZONE. 
National Aeronautics and Space Administration, 
Wallops Island, VA. Wallops Flight Center. 

For primary bibliographic entry see Field 2C. 
W90-10305 


MONITORING FLOODS WITH AVHRR. 
Commonwealth Scientific and Industrial Research 
Organization, Aspendale (Australia). Div. of At- 
mospheric Research. 

For primary bibliographic entry see Field 2E. 
W90-10306 


METHOD FOR MEASURING SNOW DEPTH 
USING FINE-RESOLUTION RADARS. 

Kansas Univ., Lawrence. Center for Research. 

For primary bibliographic entry see Field 2C. 
W90-10307 


HOUR-TO-HOUR SNOWMELT RATES AND 
LYSIMETER OUTFLOW DURING AN ENTIRE 
ABLATION PERIOD. 

Eidgenoessisches Inst. fuer Schnee- und Lawinen- 
forschung, Davos (Switzerland). 

For primary bibliographic entry see Field 2C. 
W90-10377 


ANALYSIS OF EVAPORATION COEFFICIENT 
FROM ICE SURFACES DURING THE FREEZ- 
ING SEASON IN NORTHERN CHINA. 

General Hydrological Station of Liaoning Prov- 
ince, Shenyang (China). 

For primary bibliographic entry see Field 2D. 
W90-10378 


MODELING NITROGEN BEHAVIOR IN THE 
SOIL PROFILE. 

Louisiana State Univ., Baton Rouge. Dept. of 
Agronomy. 

For primary bibliographic entry see Field 5B. 
W90-10403 


PROCEEDINGS CF THE SYMPOSIUM: COLD 
REGIONS HYDROLOGY. 

For primary bibliographic entry see Field 2C. 
W90- 10434 


WATER REDISTRIBUTION IN PARTIALLY 
FROZEN SOIL BY THERMAL NEUTRON RA- 
DIOGRAPHY. 

Aston Univ., Birmingham (England). Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 2G. 
W90- 10446 


DEVELOPMENT AND USE OF ‘HOT-WIRE’ 
AND CONDUCTIVITY TYPE ICE MEASURE- 
MENT GAUGES FOR DETERMINATION OF 
ICE THICKNESS IN ARCTIC RIVERS. 

Inuvik Research Centre (Northwest Territories). 
D. A. Sherstone, T. D. Prowse, and H. Gross. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 121-129, 5 fig, 
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Descriptors: *Arctic zone, *Cold regions, *Cold 
regions hydrology, *Ice thickness, *Instrumenta- 
tion, *Measuring instruments, *Rivers, Canada, 
Conductivity, Costs, Electrical equipment, Elec- 
trodes, Gages. 


Two ice measurement gauges were developed to 
assist in the study of ice growth and decay on 
arctic rivers. The gauges permitted successive 
measurement of ice thickness without the need to 
drill through the ice cover after initial installation. 
The first type of gauge is a ‘hot-wire’ design, 
modified from a gauge that was used in southern 
Canada. It was proven to provide low cost, accu- 
rate readings in cold climates. Between 1982 and 
1986 modifications to the initial design and reuse of 
components reduced per gauge cost to less than 
$20 per season. Measurement accuracy was ap- 
proximately 0.5 cm. The second gauge, a conduc- 
tivity probe was designed to speed data collection 
and permit remote reading of ice thickness. Paral- 
lel electrodes are installed vertically through the 
ice and allowed to freeze into the ice cover. The 
magnitude of electrical current carried between 
the electrodes is proportional to the length of the 
electrode in the water while current carried by the 
ice is negligible. Ice growth is therefore propor- 
tional to the reduction in current flow. Four con- 
ductivity gauges were tested in the 1984-85 winter. 
Accuracy was comparable to that of hot-wire 
gauges except in the refreezing period. While more 
expensive than the hot-wire type, the conductivity 
gauge is cost-effective in remote areas where trans- 
portation costs are high. Although approximately 
equivalent in accuracy, both gauges were tested 
only under arctic conditions in a calm flow regime, 
and performance problems related to fragile ice 
formation and mid/winter melt periods should be 
considered prior to use in more temperate regions. 
(See also W90-10434) (Author’s abstract) 
W90-10447 


RECENT DEVELOPMENTS IN HYDROLOGIC 
INSTRUMENTATION. 

Geological Survey, NSTL Station, MS. Hydrolog- 
ic Instrumentation Facility. 

V. J. Latkovich, and J. C. Futrell. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 131-134. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Data acquisition, *Hydrologic data, *Instru- 
mentation, Electrical equipment, Electronic equip- 
ment, Gages, Ice, Ice cover, Measuring instru- 
ments, Sensors, Streamflow. 


The programs of the U.S. Geological Survey re- 
quire instrumentation for collecting and monitor- 
ing hydrologic data in cold regions. The availabil- 
ity of space-age materials and implementation of 
modern electronics and mechanics is making possi- 
ble the recent developments of hydrologic instru- 
mentation, especially in the area of measuring 
streamflow under ice cover. Material develop- 
ments include: synthetic-fiber sounding and tag 
lines; polymer (plastic) sheaves, pulleys, and sam- 
pler components; and polymer (plastic) current- 
meter bucket wheels. Electronic and mechanical 
developments include: a current-meter digitizer; a 
fiber-optic closure system for current-meters; non- 
contact water-level sensors; an adaptable hydro- 
logic data acquisition system; a minimum data re- 
corder; an ice rod; an ice foot; a handled sediment 
sampler; a light weight ice auger with improved 
cutter head and blades; and an ice chisel. (See also 
W90- 10434) (Author’s abstract) 

W90-10448 


PROBLEMS ENCOUNTERED AND METHODS 
USED IN THE U.S. GEOLOGICAL SURVEY 
FOR THE COLLECTION OF STREAMFLOW 
DATA UNDER ICE COVER. 

Geological Survey, Reston, VA. Water Resources 

iV. 
E. D. Cobb, and B. Parks. 
IN: Proceedings of the Symposium: Cold Regions 
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Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 135-142, 1 fig, 
4 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Data acquisition, *Hydrologic data, *Ice, 
*Measuring instruments, *Streamflow, Current 
meters, Flow discharge, Frazil ice, Ice breakup, 
Manometers, Stilling wells. 


The US Geological Survey is the principal Federal 
agency responsible for the collection and dissemi- 
nation of streamflow data in the United States. An 
important part of this effort in cold climates is the 
collection of data under winter conditions when 
ice covers streams and rivers. Standard cup-type as 
well as vane-type current meters are used with 
various types of suspension equipment to make 
discharge measurements under ice. Safety hazards 
and a variety of ice conditions add to the difficulty 
in making winter streamflow measurements. Still- 
ing wells and intake systems or manometers con- 
nected to gas-purge systems are commonly used to 
obtain winter stage records. Water in stilling weils 
tends to freeze and various methods are used to 
prevent this from happening. (See also W90-10434) 
(Author’s abstract) 
0449 


SIMPLIFIED METHOD OF MEASURING 
STREAM SLOPE. 

Alaska Cooperative Fishery Research Unit, Fair- 
banks. 

J. D. LaPerriere, and D. C. Martin. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 143-145, 1 
tab, 2 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, “Instrumentation, *Measuring instruments, 
*Slope measurement, *Streamflow, *Surveying in- 
struments, Data acquisition, Field tests. 


For use in measuring stream slopes in remote areas, 
surveyor’s instruments, such as a level or telescop- 
ic alidade, are relatively cumbersome and delicate; 
furthermore, standard surveying methods require 
that an unobstructed line of sight be found or 
cleared. A simple carpenters’ water level is de- 
scribed that saves considerable effort. Stream 
slopes that were measured with a water level were 
not significantly different from those measured 
with a surveyors’ level and stadia rod, even when 
two successive measurements (extending 20 m) 
were made at one location. In comparison with a 
surveyor’s level to measure slopes over 10 m, 
measurements with this instrument were within 
2% of those made with a surveyor’s level for 
slopes of 2.46%, and within 0.5% for slopes of 
5.31%; and within 2% for slopes of 4.24% over 20 
m. This instrument can be laid out along a stream 
through riparian vegetation that would block a line 
of sight measurement with surveying instruments. 
The instrument is light and durable for use in 
remote field locations common to Alaska. (See also 
W90-10434) (Lantz-PTT) 

W90-10450 


DISCHARGE UNDER AN ICE COVER. 
Michigan Technological Univ., Houghton. Dept. 
of Civil Engineering. 

H. S. Santeford, and G. R. Alger. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 275-282, 4 fig, 
2 tab, 9 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Discharge measurement, *Ice cover, *Model 
studies, *Rivers, *Stream discharge, Hydrologic 
studies, Mathematical models, Performance eval- 
uation, Streamflow. 


A theoretically based model was presented in 1983, 
which was augmented with a conventional resist- 
ance equation (Manning’s equation) to relate the 
stage to discharge on ice covered rivers. A cooper- 


ative field study was established with the U.S. 
Geological Survey (USGS) and the U.S. Army, 
along with the Cold Regions Research and Engi- 
neering Laboratory to test the model. Results from 
the first winter season indicated that the average 
differences between the predicted and measured 
discharge values was within the limit of error of 
the discharge measurement (+/-3%). The model 
was also applied to unpublished historic records of 
the USGS for the same sites. Although there are 
traditionally only 2-4 data points per winter season, 
the results were the same as those reported for the 
more extensive study. (See also W90-10434) (Au- 
thor’s — (Lantz-PTT) 

WwW 


SNOW SURFACE STRENGTH AND THE EFFI- 
CIENCY OF RELOCATION BY WIND. 

Rocky Mountain Forest and Range Experiment 
Station, Fort Collins, CO. 

For primary bibliographic entry see Field 2C. 
W90-10474 


IN SITU ELECTRICAL MEASUREMENTS OF 

SNOW WETNESS IN A DEEP SNOWPACK IN 

THE SIERRA NEVADA ZONE OF CALIFOR- 

NIA. 

Pacific Southwest Forest and Range Experiment 

Station, Soda Springs, CA. Central Sierra Snow 
ab. 


J. A. Bergman. 
IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 367-375, 10 
fig, 4 tab, 7 ref. 


Descriptors: *Cold regions, *Free water, *Instru- 
mentation, *Measuring instruments, ‘*Sierra 
Nevada Mountains, *Snow sampling, *Snow wet- 
ness, *Snowpack, California, Calorimetry, Data ac- 
quisition, Electrical properties, In situ tests, Snow, 
Snowmelt. 


A twin-disk sensor that measures the changes in 
snow capacitance has been developed for the de- 
termination of in situ snow wetness. In its current 
form the sensor is capable of measuring water in 
transit from rain-on-snow and spring melt, surface 
diurnal meltwater flux, and the gradual wetting of 
snow as the winter season progresses. Wetness 
increases of up to 2% by volume and subsequent 
snowpack drainage has been measured during and 
after rain-on-snow. Surface diurnal meltwater flux 
ranging from 0.5 to 2% volume wetness has been 
measured consistently by sensors near the snow 
surface. All buried sensors indicated an average 
seasonal progressive snow wetting of 2.5% volume 
wetness. A sensor was calibrated in snow by spray- 
ing incremental additions of water on a sensor- 
snow block. A good linear response was indicated. 
Based on snow calibration values, sensor volume 
wetness compared favorably with freezing calori- 
metry volume wetness. After 35 comparative 
measurements, wetness from the sensors averaged 
2.6% while calorimetry volume wetness averaged 
2%. The sensors are capable of consistent measure- 
ments and can indicate lateral variability in snow- 
pack liquid water. (See also W90-10434) (Author’s 
abstract) 

W90-10476 


MEASUREMENTS OF SNOW LAYER WATER 
RETENTION. 

Pacific Southwest Forest and Range Experiment 
Station, Berkeley, CA 

R. Kattelmann. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 377-386, 2 
tab, 50 ref. 


Descriptors: *Cold regions, *Data acquisition, 
*Free water, *Hydrologic budget, *Snow sam- 
pling, *Snowpack, Hydrologic studies, Runoff, 
Snowmelt, Streamflow. 


The water holding capacity of a snow pack deter- 
mines the initial runoff response to snowmelt or 


rain-on-snow. Early streamflow generated from 
ihese events has been difficult to forecast due to 
limited understanding of snowpack water reten- 
tion. To identify the likely range of water holding 
capacity of newly deposited snow layers, water 
was artificially applied to small plots, and water 
retention was determined by a change in density 
technique. All of the average water retention 
values from fresh snow on level ground ranged 
from 0 to 5% by volume. About 2/3 of these 
values were 2% or less. Concurrent application of 
dyed water suggests that relatively little (less than 
20 %) of the snow volume conducted water. Other 
observations indicated that cold content was not 
fully satisfied before water left a given snow layer 
and that losses from water input continued long 
after snowpack outflow started as the wetted 
volume increased. (See also W90-10434) (Author’s 
abstract) 

W90-10477 


PRECIPITATION MEASURED BY DUAL 
GAGES, WYOMING-SHIELDED GAGES, AND 
IN A FOREST OPENING. 

Rocky Mountain Forest and Range Experiment 
Station, Laramie, WY. Forestry Sciences Lab. 

For primary bibliographic entry see Field 2B. 
W90-10478 


SEASONAL AND INTERANNUAL OBSERVA- 
TIONS AND MODELING OF THE SNOWPACK 
ON THE ARCTIC COASTAL PLAIN OF 
ALASKA USING SATELLITE DATA. 

National Aeronautics and Space Administration, 
Greenbelt, MD. Hydrological Sciences Branch. 

D. K. Hall, A. T. C. Chang, and J. L. Foster. 

IN: Proceedings of the Symposium: Coid Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 521-529, 5 fig, 
2 tab, 15 ref. 


Descriptors: *Alaska, *Arctic zone, *Cold regions, 
*Data acquisition, *Model studies, *Remote sens- 
ing, *Satellite technology, *Snowpack, Micro- 
waves, Radiometry, Snow accumulation. 


Measurement of approximate snow extent and 
depth on a global scale is possible using passive 
microwave data from the Nimbus-7 Scanning Mul- 
tichannel Microwave Radiometer (SMMR). Im- 
provement of snow depth measurement is depend- 
ent partly upon the ability to recognize the influ- 
ence of snow structure on microwave signatures. 
Multiple linear correlations of microwave bright- 
ness temperature (TB) from the SMMR, snow 
depth and air temperature have been performed for 
the Arctic Costal Plain of Alaska. The portion of 
the TB variability that can not be explained by 
snow depth and air temperature is most likely due 
to physical differences in the snowpacks among the 
four years studied. Results from a snow energy 
balance model show that the temperature profiles 
of the snowpacks on the Arctic Coastal Plain can 
be quite different between years. The depth hoar 
layer which is comprised of large crystals is influ- 
enced by the snowpack temperature gradient. The 
presence and the variability of the depth hoar layer 
may be detected by passive microwave satellite 
sensors and can be modeled using a radioactive 
transfer model and a snow energy balance model. 
(See also W90-10434) (Author’s abstract) 
W90-10491 


OPERATIONAL DEMONSTRATION OF MON- 
ITORING SNOWPACK CONDITIONS UTILIZ- 
ING DIGITAL GEOSTATIONARY SATELLITE 
DATA ON AN INTERACTIVE COMPUTER 
SYSTEM. 

National Severe Storms Project, Kansas City, MO. 
M. W. Allen, and F. R. Mosher. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 531-540, 5 ref. 


Descriptors: *Cold regions, *Computers, *Remote 
sensing, *Satellite technology, *Snow accumula- 
tion, *Snowmelt, *Snowpack, Climatology, Data 





acquisition, Data storage and retrieval, Hydrologic 
budget, Light intensity, Mapping, Maps, Seasonal 
variation. 


During the 1985 snowmelt season, the Satellite 
Field Services Station (SFSS) began utilizing CSIS 
(Centralized Storm Information System) capabili- 
ties to derive operational digital snow cover maps 
from 1 km visible GOES data. The snow cover 
mapping technique is based on the fact that snow 
cover increases the brightness of a land area. Snow 
free/cloud free sets are adjusted to account for 
daily and seasonal solar illumination angle differ- 
ences between the reference time and the snow- 
mapping time. The interactive digital snowcover 
mapping with 1 km visible GOES data is an accu- 
rate, timely and cost-effective means of acquiring 
basin snowcover area to assess, allocate and fore- 
cast water resources from snowmelt runoff due to: 
the ability to overcome complexities of reflected 
light on various types of terrain; imagery and basin 
boundaries can be accurately registered; pixel 
counting is a fast, accurate and reliable measuring 
technique; data collection is more reliable and fre- 
quent; cloud contamination can be minimized more 
effectively; up to 30 snowcover analyses can be 
completed within 40 minutes of the data collection 
time; digital data can be archived easily and inex- 
pensively; analysis only cost $140 per 100 sq km/yr 
during 1985. (See also W90-10434) (Lantz-PTT) 
W90-10492 


APPLYING A SNOWMELT-RUNOFF MODEL 
WHICH UTILIZES LANDSAT DATA IN 
UTAH’S WASATCH MOUNTAINS. 

Brigham Young Univ., Provo, UT. Dept. of Zool- 
ogy and Entomology. 

W. Miller. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
— Bethesda, Maryland. 1986. p 541-546, 5 fig, 
4 ref. 


Descriptors: *Cold regions, *Landsat imagery, 
*Model studies, *Remote sensing, *Runoff, 
*Snowmelt, *Streamflow forecasting, American 
Fork River, Flood peak, Flow discharge, Hydro- 
graphs, Hydrologic models, Satellite technology, 
Simulation analysis, Utah. 


The Martinec-Rango Snowmelt-Runoff Model 
(SRM) was applied to the 130 sq km American 
Fork, Utah, basin in order to simulate the daily 
streamflow. The year 1983 was chosen to be inves- 
tigated because of the record-breaking snowpack 
and peak discharges which uniquely tested the 
model. Landsat images were used to determine the 
snow cover areas within the basin zones. While all 
model parameters were generally within the sug- 
gested numerical range and temporal sequence, 
some variations were necessary in order to gener- 
ate the best correspondence between simulated and 
measured discharges. Because the recession coeffi- 
cient is a function of historical streamflow data, an 
extensive analysis was required in order to approxi- 
mate the all-time maximum flowrate. The simula- 
tion accuracy was very good as evidenced by the 
high hydrograph visual correspondence, the large 
daily discharge value, and the small runoff volume 
value of 3.7%. These statistics are in line with 
SRM average values from other basins. (See also 
W90-10434) (Author’s abstract) 

W90-10493 


INITIATION OF SPRING SNOWMELT OVER 
ARCTIC LANDS. 

Lamont-Doherty Geological Observatory, Pali- 
sades, NY. 

For primary bibliographic entry see Field 2C. 
W90-10494 


7C. Evaluation, Processing and 
Publication 


WATER-RESOURCES ACTIVITIES, SOUTH 
CAROLINA DISTRICT, 1987-88. 

Geological Survey, Columbia, SC. Water Re- 
sources Div. 
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For primary bibliographic entry see Field 9C. 
W90-09515 


FLOOD OF DECEMBER 25, 1987, IN MILL- 
INGTON, TENNESSEE AND VICINITY. 
Geological Survey, Nashville, TN. Water Re- 
sources Div. 

J. G. Lewis, and C. R. Gamble. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4019, 
1989. 2 sheets, 9 ref (map report). 


Descriptors: *Flood peak, *Flooding, *Floods, 
*Maps, *Tennessee, Flood frequency, Water 
depth. 


Intense rainfall totaling 9.2 in. in a 12-hour period 
on December 24-25, 1987, and 14.8 in for the 
period December 24-27 caused record floods in 
Millington, Tennessee and vicinity. The peak dis- 
charge of Big Creek at Raleigh-Millington Road 
was almost twice the discharge of the 100-year 
flood discharge and that of Loosahatchie River 
near Arlington was about equal to the 50-year 
flood discharge. The inundated area and flood 
elevations are depicted on a map of Millington, 
Tennessee and vicinity. Water surface profiles for 
the peak of December 25, 1987, for Loosahatchie 
River, Big Creek, Royster Creek, North Fork 
Creek, Casper Creek, and an unnamed tributary to 
Big Creek are shown. Flood damages and cleanup 
costs for this record flood have been estimated at 
about $9.2 million. (USGS) 

W90-09527 


WATER RESOURCES DATA, 
WATER YEAR 1988, 

Geological Survey, Tucson, AZ. 

F. C. Boner, W. B. Garrett, and A. D. Konieczki. 
Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-182619. 
Price codes: A18 in paper copy, A03 in microfiche. 
USGS Water-Data Report AZ-88-1 (WRD/HD- 
89/284), 1989. 391p. Prepared in cooperation with 
the State of Arizona and with other agencies. 


ARIZONA, 


Descriptors: *Arizona, *Data collections, 
*Groundwater, *Hydrologic data, *Surface water, 
*Water quality, Chemical analysis, Flow rates, 
Gaging stations, Lakes, Reservoirs, Sampling sites, 
Sediments, Water analysis, Water level, Water 
temperature. 


Water resources data for the 1988 water year for 
Arizona consist of records of stage, discharge, and 
water quality of streams; stage, contents, water 
quality of lakes and reservoirs; water levels of 
observation wells; and quality of groundwater. 
This report contains records for 169 gaging sta- 
tions, annual peaks for 24 crest-stage partial-record 
stations, and discharge measurements at 5 miscella- 
neous sites; contents only records for 9 lakes and 
reservoirs; stage and contents for 1 lake; elevation 
only for 1 streamflow station; 20 supplementary 
records, included with gaging station records, con- 
sisting of monthend or monthly stage, contents, 
and evaporation of lakes and reservoirs, diversions, 
and return flows; water quality records for 39 
continuous-record stations and 7 miscellaneous 
sites; water level for 1,585 observation wells; and 
water-quality data for water from 276 wells. These 
data represent that part of the National Water Data 
System operated by the U.S. Geological Survey 
and cooperating Federal and State Agencies in 
Arizona. (See also W90-06279) (USGS) 

W90-09531 


WATER RESOURCES DATA, WASHINGTON, 
WATER YEAR 1988. 

Geological Survey, Tacoma, WA. Water Re- 
sources Div. 

M. B. Miles, W. D. Wiggins, G. P. Ruppert, R. L. 
Blazs, and L. L. Reed. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-185919. 
Price codes: A18 in paper copy, A03 in microfiche. 
USGS Water-Data Report WA-88-1 (WRD/HD- 
90/239), 1989. 471p. Prepared in cooperation with 
the State of Washington and with other agencies. 


Descriptors: *Data collections, *Groundwater, 
*Hydrologic data, *Surface water, *Washington, 
*Water quality, Chemical analysis, Flow rates, 
Gaging stations, Lakes, Reservoirs, Sampling sites, 
Sediments, Water analysis, Water level, Water 
temperature. 


Water resources data for the 1988 water year for 
Washington consist of records of stage, discharge, 
and water quality of streams; stage, contents, water 
quality of lakes and reservoirs; and water levels of 
wells. This report contains records for 202 gaging 
Stations, stage only records for 6 gaging stations; 
stage and (or) contents for 38 lakes and reservoirs; 
water quality for 28 streamflow-gaging stations, 
and 9 ungaged streamsites; water levels for 77 
observation wells; and water quality for 1 observa- 
tion well. Also included are data for 13 crest-stage 
partial-record stations and 112 partial-record or 
miscellaneous streamflow stations. Locations of 
these sites are shown. These data represent that 
part of the National Water Data System operated 
by the U.S. Geological Survey and cooperating 
State and Federal agencies in Washington. (See 
also W90-05262) (USGS) 

W90-09532 


REVIEW OF EDGEMATCHING PROCEDURES 
FOR DIGITAL CARTOGRAPHIC DATA USED 
= —— INFORMATION SYSTEMS 
( b 

Geological Survey, Portland, OR. Water Re- 
sources Div. 

D. D. Nebert. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-579, 1989. 12p, 1 fig, 3 ref. 


Descriptors: *Digital map data, *Edge-matching, 
*Geographic information systems, *Hydrography, 
*Mapping, Digital line graph, Northwest rivers 
study, Pacific Northwest, Spatial data base. 


In the process of developing a continuous hydro- 
graphic data layer for water resources applications 
in the Pacific Northwest, map-edge discontinuities 
in the U.S. Geological Survey 1:100,000-scale digi- 
tal data that required application of computer- 
assisted edgematching procedures were identified. 
The spatial data sets required by the project must 
have line features that match closely enough across 
map boundaries to ensure full line topology when 
adjacent files are joined by the computer. Auto- 
mated edgematching techniques are evaluated as to 
their effects on positional accuracy. Interactive 
methods such as selective node-matching and on- 
screen editing are also reviewed. Interactive proce- 
dures complement automated methods by allowing 
supervision of edgematching in a cartographic and 
hydrologic context. Common edge conditions en- 
countered in the preparation of the Northwest 
Rivers data base are described, as are recommend- 
ed processing solutions. Suggested edgematching 
procedures for 1:100,000-scale hydrography data 
are included in an appendix to encourage consist- 
ent processing of this theme on a national scale. 
SGS 


W90-09536 


GROUND-WATER LEVELS IN 
SPRING 1989. 

Geological Survey, Little Rock, AR. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09540 


ARKANSAS, 


HYDROLOGY AND SEDIMENTOLOGY MOD- 
ELLING ON ILLINOIS AGRICULTURAL WA- 
TERSHEDS. 

Illinois Univ. at Urbana-Champaign. Dept. of Ag- 
ricultural Engineering. 

For primary bibliographic entry see Field 6A. 
W90-09553 


SOIL WATER BALANCE AND DRY MATTER 
PRODUCTION MODEL: I. SOIL WATER BAL- 
ANCE OF OAT. 

Institute of Hydrology, Wallingford (England). 
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For primary bibliographic entry see Field 2G. 
W90-09588 


PUMPMOD: A SIMULATION MODEL FOR 
MULTIPUMP RICE IRRIGATION SYSTEMS. 
International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 
For primary bibliographic entry see Field 3F. 
W90-09652 


EMPIRICAL MODEL OF THE RELATION- 
SHIP BETWEEN IRRIGATION AND THE 
VOLUME OF WATER COLLECTED IN SUB- 
SURFACE DRAINS. 
Rhode Island Univ., 
Economics. 

For primary bibliographic entry see Field 3F. 
W90-09658 


Kingston. Dept. of Resource 


MULTISTAGE SCREENING PROCESS FOR 

RIVER BASIN PLANNING. 

EA Engineering, Science, and Technology, Inc., 

Lincoln, NE. 

For primary bibliographic entry see Field 6A. 
-09667 


PRACTICAL DETERMINATION 
THETICAL FLOODS. 

Espey, Huston and Associates, Inc., Austin, TX. 
For primary bibliographic entry see Field 2E. 
W90-09672 


OF HYPO- 


ENVIRONMENTAL SUPPORT SYSTEM FOR 
ESTUARINE WATER-QUALITY MANAGE- 


Universidade Nova de Lisboa (Portugal). Environ- 
mental Systems Analysis Group. 

For primary bibliographic entry see Field 5G. 
W90-09674 


EFFECTS OF CHANGES IN TURBIDITY AND 
PHOSPHATE INFLUX ON THE ECOSYSTEM 
OF THE EMS ESTUARY AS OBTAINED BY A 
COMPUTER SIMULATION MODEL. 
Groningen Rijksuniversiteit (Netherlands). Dept. 
of Marine Biology. 

For a bibliographic entry see Field 2L. 
W90-09686 


CADMIUM AND COPPER ACCUMULATION 
IN THE COMMON MUSSEL MYTILUS 
EDULIS IN THE WESTERN SCHELDT ESTU- 
ARY: A MODEL APPROACH. 

Rijkswaterstaat, The Hague (Netherlands). Div. of 
Tidal Waters. 

For primary bibliographic entry see Field 5B. 
W90-09690 


MATHEMATICAL MODEL FOR 137CS 
UPTAKE AND RELEASE BY FILAMENTOUS 
ALGAE. 

Ceskoslovenska Akademie Ved, Ceske Budejovice. 
Inst. of Landscape Ecology 

For primary bibliographic entry see Field 5B. 
W90-09698 


MODELS, FIELD STUDIES, LABORATORY 
EXPERIMENTS: AN INTEGRATED  AP- 
PROACH TO EVALUATE THE ENVIRON- 
MENTAL FATE OF ATRAZINE (S-TRIAZINE 
HERBICIDE). 

Siena Univ. (Italy). Dipt. di Biologia Ambientale. 
For primary bibliographic entry see Field 5B. 
W90-09715 


SIMPLE MODEL TO EVALUATE HERBICIDE 
FATE IN THE AIR-WATER-SOIL SYSTEM. 
Consiglio Nazionale delle Ricerche, Pisa (Italy). 
Ist. per la Chimica dei Terreno. 

For — bibliographic entry see Field 5B. 
W90-097 


PESTICIDE RESIDUES IN THE PO RIVER 
WATERSHED: APPLICATION OF A MATHE- 
MATICAL MODEL. 

Universita Cattolica del Sacro Cuore, Piacenza 
(Italy). Facolta di Agraria. 

For primary bibliographic entry see Field 5B. 
W90-09717 


SCATTERING ANALOG FOR INFILTRATION 
IN POROUS MEDIA. 

Commonwealth Scientific and Industrial Research 
Organization, Canberra (Australia). Centre for En- 
vironmental Mechanics. 

For primary bibliographic entry see Field 2G. 
W90-09746 


MATHEMATICAL MODELS WITHIN RIVER 
BASIN MANAGEMENT--AN OVERVIEW. 
Valtion Teknillinen Tutkimuskeskus, Espoo (Fin- 
land). Reaktorilaboratorio. 

For primary bibliographic entry see Field 6A. 
W90-09768 


FLOOD HYDROGRAPH ESTIMATION FROM 
ARID CATCHMENT MORPHOLOGY. 

Sultan Qaboos Univ., Muscat (Oman). Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 2E. 
W90-09775 


ANALYSIS OF AN AQUIFER-WATER TABLE 
AQUITARD SYSTEM. 

Indian Inst. of Science, Bangalore. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 2F. 
W90-09799 


THEORETICAL STUDY OF THE WET RE- 
MOVAL OF ATMOSPHERIC POLLUTANTS. 
PART IV: THE UPTAKE AND REDISTRIBU- 
TION OF AEROSOL PARTICLES THROUGH 
NUCLEATION AND IMPACTION SCAVENG- 
ING BY GROWING CLOUD DROPS AND ICE 
PARTICLES. 

Mainz Univ. (Germany, F.R.). Meteorological 
Inst. 

For primary bibliographic entry see Field 2B. 
W90-09801 


EVIDENCE OF DETERMINISTIC CHAOS IN 
THE PULSE OF STORM RAINFALL. 

Iowa Univ., Iowa City. Dept. of Civil and Envi- 
ronmental Engineering. 

For primary bibliographic entry see Field 2B. 
W90-09802 


POSSIBILITIES AND LIMITATIONS OF 

RAINFALL ANALYSIS FOR PREDICTING 

CROP-AVAILABLE WATER (UNCERTAIN- 

TIES IN THE LENGTH OF THE RAINY 

SEASON). 

For primary bibliographic entry see Field 3F. 
09812 


SIMPLIFIED SOIL-WATER BALANCE 
MODELS TO PREDICT CROP TRANSPIRA- 
TION. 

Washington State Univ., Pullman. Dept. of Agron- 
omy and Soils. 

For primary bibliographic entry see Field 3F. 
W90-09813 


INTERPRETING THE RESULTS FROM SIMU- 
LATED DROUGHT EXPERIMENTS. 

Reading Univ. (England). Dept. of Applied Statis- 
tics. 

For aw bibliographic entry see Field 3F. 
W90-098 


CALCULATED SOIL-WATER BALANCES AS 
TOOLS TO EVALUATE CROP PERFORM- 
ANCE IN DROUGHT-PRONE REGIONS. 


Commonwealth Scientific and Industrial Research 


Organization, Lyneham (Australia). Div. of Wild- 
life and Rangelands Research. 

For primary bibliographic entry see Field 3F. 
W90-09815 


APPLICATIONS OF, AND LIMITATIONS TO, 
CROP GROWTH SIMULATION MODELS TO 
FIT CROPS AND CROPPING SYSTEMS TO 
SEMI-ARID ENVIRONMENTS. 

Florida Univ., Gainesville. Dept. of Agronomy. 
For primary bibliographic entry see Field 3F. 
W90-09817 


CURRENT STATUS OF THE EQ3/6 SOFT- 
WARE PACKAGE FOR GEOCHEMICAL MOD- 
ELING. 

Lawrence Livermore National Lab., CA. 

For primary bibliographic entry see Field 2K. 
W90-09854 


GEOCHEMICAL MODELING OF WATER- 
ROCK INTERACTIONS USING SOLMINEQ.88. 
Alberta Research Council, Edmonton. 

For primary bibliographic entry see Field 2K. 
W90-09855 


APPLICATION OF THE PITZER EQUATIONS 
TO THE PHREEQE GEOCHEMICAL MODEL. 
Geological Survey, Reston, VA. 

For primary bibliographic entry see Field 2K. 
W90-09856 


RECONSTRUCTION OF REACTION PATH- 
WAYS IN A ROCK-FLUID SYSTEM USING 
MINTEQ. 

Baker (F.G.) Associates, Golden, CO. 

For primary bibliographic entry see Field 5B. 
W90-09857 


EVOLUTION OF DISSOLUTION PATTERNS: 
PERMEABILITY CHANGE DUE TO COUPLED 
FLOW AND REACTION. 

Yale Univ., New Haven, CT. Dept. of Geology 
and Geophysics. 

For primary bibliographic entry see Field 2K. 
W90-09862 


MODELING DYNAMIC HYDROTHERMAL 
PROCESSES BY COUPLING SULFUR ISO- 
TOPE DISTRIBUTIONS WITH CHEMICAL 
MASS TRANSFER: APPROACH. 

Los Alamos National Lab., NM. 

For primary bibliographic entry see Field 2K. 
W90-09863 


NUMERICAL SIMULATION OF COADSORP- 
TION OF IONIC SURFACTANTS WITH INOR- 
GANIC IONS ON QUARTZ. 

Stanford Univ., CA. Dept. of Applied Earth Sci- 
ences. 

For primary bibliographic entry see Field 2K. 
W90-09866 


CONSTANT-CAPACITANCE SURFACE — 
PLEXATION MODEL: ADSORPTION 
SILICA-IRON BINARY OXIDE SUSPENSIONS. 
Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2K. 
W90-09867 


COAGULATION OF IRON OXIDE PARTICLES 
IN THE PRESENCE OF ORGANIC MATERI- 
ALS: APPLICATION OF SURFACE CHEMI- 
CAL MODEL. 

California Inst. of Tech., Pasadena. W.M. Keck 
Lab. of Environmental Engineering Science. 

For a bibliographic entry see Field 2K. 
W90-0986 





EXPERT SYSTEMS TO SUPPORT GEO- 
CHEMICAL MODELING. 

Ground Water Geochemistry, Houston, TX. 

F. J. Pearson, B. S. Jensen, and A. Haug. 

IN: Chemical Modeling of Aqueous Systems II. 
American Chemical Society, Washington, DC. 
1990. p 330-338. 1 fig, 3 ref. 


Descriptors: *Computer models, *Computer pro- 
grams, *Expert systems, *Geochemistry, *Ground- 
water, *Minerals, *Model studies, Aquifers, Car- 
bonates, Chemical reactions, Dissolved solids, 
Water chemistry. 


Expert judgments on the reliability of water analy- 
ses, appropriateness of minerals, suitability of mod- 
eling program, and adequacy of thermochemical 
data are required to successfully model the geo- 
chemistry of groundwater. Expert systems are 
computer programs based on the concepts of artifi- 
cial intelligence which are used to extract, struc- 
ture and make accessible the knowledge of human 
experts in a particular field. A prototype system 
was constructed to provide expert knowledge to 
those performing routine geochemical modeling of 
groundwater. The goal of the system is to assess 
how well the analysis of a water sample represents 
the chemistry of the groundwater from which it 
was taken. The system includes information re- 
quired to make that assessment organized in a 
structure suitable for use with a commercial expert 
system shell program. It comprises three modules: 
a main module for data input, routine tests of 
analytical data, and control of program flow; a 
carbonate module to evaluate the amount and dis- 
tribution of dissolved carbonate species; and a satu- 
ration index module to test the concentrations of 
other dissolved constituents against the modeled 
saturation indices of minerals containing them. 
Two enhancements to the prototype system are 
envisioned: complying to a geochemical model so 
the system can itself test the effects of adjusting 
analytical data, and including a facility for the 
expert system to select minerals likely to influence 
the chemistry of water in aquifers of interest. (See 
also W90-09846) (Author’s abstract) 

W90-09872 


NUMERICAL MODELING OF PLATINUM EH 
MEASUREMENTS BY USING HETEROGENE- 
OUS ELECTRON-TRANSFER KINETICS. 

PTI Environmental Services, Boulder, CO. 

For primary bibliographic entry see Field 2K. 
W90-09873 


USE OF MODEL-GENERATED FEG3+) ION 
ACTIVITIES TO COMPUTE EH AND FERRIC 
OXYHYDROXIDE SOLUBILITIES IN ANAER- 
OBIC SYSTEMS. 

Colorado School of Mines, Golden. Dept. of 
Chemistry and Geochemistry. 

For primary bibliographic entry see Field 2K. 
W90-09874 


QUANTITATIVE STRUCTURE-ACTIVITY RE- 
LATIONSHIP MODELS FOR PREDICTING 
AQUEOUS SOLUBILITY: COMPARISON OF 
THREE MAJOR APPROACHES. 

Vanderbilt Univ., Nashville, TN. Dept. of Envi- 
ronmental and Water Resources Engineering. 

For primary bibliographic entry see Field 2K. 
W90-09882 


SELECTED BOREHOLE GEOPHYSICAL 
LOGS AND DRILLERS’ LOGS, NORTHERN 
COASTAL PLAIN OF NEW JERSEY. 

Geological Survey, West Trenton, NJ. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2F. 
W90-09888 


FLOOD OF JULY 1-2, 1987, IN NORTH-CEN- 
TRAL OHIO. 


Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2E. 
W90-09891 
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SUMMARY OF FLUVIAL-SEDIMENT STUD- 
IES IN OHIO, THROUGH 1987. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2J. 
W90-09900 


DETERMINATION OF FLOOD HYDRO- 
GRAPHS FOR STREAMS IN SOUTH CAROLI- 
NA: VOLUME 1. SIMULATION OF FLOOD 
HYDROGRAPHS FOR RURAL WATERSHEDS 
IN SOUTH CAROLINA. 

Geological Survey, Columbus, OH. Water Re- 
sources Div. 

For primary bibliographic entry see Field 2E. 
W90-09901 


DISTRIBUTION OF WELLS IN THE CENTRAL 
PART OF THE WESTERN SAN JOAQUIN 
VALLEY, CALIFORNIA. 

Geological Survey, Sacramento, CA. Water Re- 
sources Div. 

J. M. Gronberg, K. Belitz, and S. P. Phillips. 
Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Water-Resources Investigations Report 89-4158, 
1989. 51p, 13 fig, 11 tab, 9 ref. 


Descriptors: *California, *Coast Range Alluvium, 
*Geohydrology, *Hydrogeology, *Water level, 
*Water resources data, *Wells, San Joaquin 
Valley, Sierran sand. 


Information from 5,860 wells in the central part of 
the western San Joaquin Valley, California, was 
collected from several sources and compiled into a 
common data base. Only 2,547 wells had sufficient 
information for classification into four categories 
based on the hydrogeology: wells perforated in the 
semiconfined zone at depths less than or equal to 
50 ft, wells perforated in the semiconfined zone at 
depths greater than 50 ft, wells perforated in the 
semiconfined and confined zones, and wells perfo- 
rated only in the confined zone. Additionally, 
wells perforated in the semiconfined zone at depths 
greater than 50 ft were classified by the type of 
deposits in which they were perforated (Coast 
Range alluvium or Sierran sand). A computerized 
data base system was developed to manage well 
information, and to facilitate characterizing the 
nature and distribution of the wells. Wells perforat- 
ed in the semiconfined zone at depths less than or 
equal to 50 ft are evenly distributed over part of 
the study area underlain by shallow groundwater. 
These wells generally are used as observation 
wells. Most wells perforated in the semiconfined 
zone at depths greater than 50 ft are perforated in 
the Sierran sand. This concentration of wells indi- 
cates a tendency for using the Sierran sand, where 
it exists, as a source of water. There are 533 wells 
perforated in both the semiconfined and confined 
zones and 410 wells perforated only in the con- 
fined zone. Most of these wells are upslope of the 
valley trough in areas where the Sierran sand is 
not present. Wells perforated only in the confined 
zone are concentrated near the creeks. (USGS) 
W90-09904 


DESIGN OF SMALL COMMUNITY SEWAGE 
SYSTEMS WITH MICROCOMPUTERS. 
University of Southwestern Louisiana, Lafayette. 
Dept. of Agricultural Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09935 


INTERFACE BETWEEN 
SEAS. 

Manchester Univ. (England). Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2L. 
W90-09995 


ESTUARIES AND 


WATER QUALITY MODELING OF REGULAT- 
ED STREAMS. 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Environmental Lab. 

For primary bibliographic entry see Field 4A. 
W90- 10000 


ARCTIC WATER AVAILABILITY: DATA 

BASES TO MEET PRESENT AND FUTURE 

NEEDS. 

Bureau of Land Management, Fairbanks, AK. 

Arctic District. 

J. C. Mellor. 

IN: Water Resources Related to Mining and 

Energy-Preparing for the Future. Proceedings of 

the Symposium. American Water Resources Asso- 

=— Bethesda, Maryland. 1987. p 71-78. 4 fig, 
ref. 


Descriptors: *Alaska, *Arctic, *Databases, *Hy- 
drologic data collections, *Surface water availabil- 
ity, *Surface water data, *Water resources devel- 
opment, *Water resources management, Beaufort 
Sea Fisheries Synthesis, Channel morphology, 
Lake fisheries, North Slope Borough Geographic 
Informati, Seasonal variation. 


Surface water appears to be abundant on the Alas- 
kan Arctic Coastal Plain during summer months. 
During the winter, however, the majority of this 
water turns to ice in the myriad of shallow coastal 
plain lakes. Rivers also freeze to the bottom except 
in isolated deep pools. The challenge is to find 
sufficient late-winter water to meet development 
needs while assuring a minimum of environmental 
conflicts with overwintering fishery resources. En- 
vironmental assessment of proposed water sources 
near oil and gas exploratory wells has been expen- 
sive. Summer field examination was ne 

since data was either lacking or inaccessible for 
arctic lakes and rivers. New regional databases, 
such as the Beaufort Sea Fisheries Synthesis and 
regional inventories of river channel depths, lake 
depths, and subsistence uses, such as the North 
Slope Borough Geographic Information Systems, 
have been developed. These databases can provide 
more timely, accurate and cost-efficient environ- 
mental assessments. Lake and river depth data are 
helping those who need water to find adequate 
sources that have the least potential for conflicts 
with fisheries. (See also W90-10068) (Author’s ab- 
stract) 

W90-10071 


HYDROGEOLOGIC INVESTIGATIONS CON- 
DUCTED TO ESTIMATE GROUND WATER 
FLOW RATES INTO A SURFACE MINING PIT 
USING A COMPUTER MODEL. 

Davis (Ken E.) Associates, Baton Rouge, LA. 
For primary bibliographic entry see Field 2F. 
W90-10072 


MONTE CARLO SIMULATIONS OF UNSATU- 
RATED FLOW THROUGH LAYERED VOL- 
CANIC TUFFS AT YUCCA MOUNTAIN, 


EVADA. 
Colorado State Univ., Fort Collins. Dept. of Civil 
Engineering. 
For primary bibliographic entry see Field 5B. 
W90-10098 


ESTIMATING EXTREME EVENTS: LOG 
PEARSON TYPE 3 DISTRIBUTION. 

Saint Johns River Water Management District, 
Palatka, FL. 

D. V. Rao. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 291- 
304, 3 fig, 9 tab, 27 ref, append. 


Descriptors: *Estimating equations, *Flood fore- 
casting, *Log Pearson distribution, *Mathematical 
studies, *Probabilistic process, *Probability distri- 
bution, *Weather forecasting, Flood control, 
Floods, Forecasting, Frequency analysis, Iowa, 
Statistical analysis, Statistical methods. 


The common technique for estimating extreme hy- 
drologic events consists of choosing an appropriate 
probability distribution and fitting it to sample data 
by one of the available statistical procedures. 
Sample data comprise observed annual maximum 
or minimum values. Several probability distribu- 
tions have been used to determine frequencies of 
hydrologic variables. These vary in complexity 
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from the simple two-parameter extreme value dis- 
tribution to the five-parameter Wadebly distribu- 
tion. A distribution widely recommended for use is 
log Pearson. The log Pearson is a three-parameter 
probability distribution. In 1967, the US Water 
Resources Council recommended the use of log 
Pearson distribution for estimating frequencies of 
flood flows. Intensive research by numerous inves- 
tigators since then contributed to both develop- 
ment of alternative fitting methods for log Pearson 
and greater understanding of the statistics of fre- 
quency analysis. Log Pearson shows that distribu- 
tion can also be fitted through the moments of real 
data. Log Pearson statistical parameters were com- 
puted for the annual flood flow data (1903-1972), 
for Cedar River at Cedar Rapids, Iowa. (See also 
W90-10104) (Mertz-PTT) 

W90-10113 


IUH OF GENERAL HYDROLOGIC SYSTEM 
MODEL. 


Anna Univ., Madras (India). 

V. C. Kulandaiswamy. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 325- 
368, 40 fig, 3 tab, 79 ref. 


Descriptors: *Computer models, *Hydrologic 
models, *Model studies, *Rainfall-runoff relation- 
ships, *River forecasting, *Runoff forecasting, 
*Unit hydrographs, Flood forecasting, Forecast- 
ing, Infiltration, Land use, Model testing, Perform- 
ance evaluation, Runoff, Streamflow, Watersheds. 


The performance of nonlinear surface runoff 
models is good in a few cases but in most instances 
the results are not satisfactory. The unsatisfactory 
results may be due to treating certain parameters as 
constants or to the method of their determination. 
It is necessary to look for an approach which 
considers the nonlinearity of the rainfall excess/ 
surface runoff relationship, at least indirectly. At- 
tempts to formulate a general hydrologic system 
(GHS) model, study the variation of model param- 
eters with known characteristics, and study the 
variation of the instantaneous unit hydrograph 
(TUH), making use of the linear systems approach 
are presented. The GHS model, since its formula- 
tion two decades ago, is still being actively pur- 
sued by researchers. The outstanding merit of the 
model has been its general storage relationship that 
can model the transformation in almost all phases 
of the runoff cycle, such as infiltration, surface 
runoff, and routing through the stream. Hence, it 
can provide a powerful alternative to modeling the 
rainfall-runoff relationship for the basin itself. On a 
long term basis, basin transformation can also be 
detected and modeled for use in prediction. But the 
model has been adopted only hesitantly because of 
its requirement for a fast computational facility. 
Hence, a simpler three-parameter version of the 
same model, capable of being tackled by calcula- 
tors, is provided and recommended. This GHS 
model helps to route the flood through a channel 
reach and reproduces the outflow hydrograph 
very satisfactorily. Its use in river forecasting is 
thus demonstrated. The continuation of basin rout- 
ing and channel routing, both based on the general 
storage equation, is found to forecast the stream- 
flow accurately, enabling flow prediction in large 
drainage basins. When applied to various water- 
sheds in transitional stages, this model predicts the 
hydrologic characteristics altered by changed land 
use effects. (See also W90-10104) (Mertz-PTT) 
W90-10115 


MODELLING THE EFFECT OF DEPTH ON 
FURROW INFILTRATION. 

Universidade Federal do Ceara, Fortaleza (Brazil). 
Dept. of Agricultural Engineering. 

For primary bibliographic entry see Field 3F. 
W90-10120 


MODELING ORGANIC POLLUTION OF 
STREAMS. 

Ministry of Works and Development, Hamilton 
(New Zealand). Water Quality Centre. 

For primary bibliographic entry see Field 5B. 
W90-10126 


SIMULATION MODEL USE FOR ANALYZING 
DECISION VARIABLES IN MULTIPUMP 
RICE IRRIGATION SYSTEM OPERATION. 
International Rice Research Inst., Los Banos, 
Laguna (Philippines). Water Management Dept. 
For primary bibliographic entry see Field 3F. 
W90-10160 


MAPPING OF IRRIGATION NEED BASED ON 
COMPUTERIZED SOIL AND CLIMATIC 
DATA. 

Copenhagen Univ. (Denmark). Geophysical Inst. 
For primary bibliographic entry see Field 6D. 
W90-10164 


PREDICTION OF MINERAL SOLUBILITIES 
IN NATURAL WATERS: A CHEMICAL EQUI- 
LIBRIUM MODEL FOR THE NA-K-CA-MG- 
CL-SO4-H20 SYSTEM AT TEMPERATURES 
BELOW 25 DEGREES. 

Calgary Univ. (Alberta). Dept. of Geology and 
Geophysics. 

For primary bibliographic entry see Field 2K. 
W90-10239 


INFLUENCE OF THE HYDRAULIC CHARAC- 
TERISTICS OF RIVER REACHES ON THE 
PROPAGATION OF FLOOD PEAKS (INFLU- 
ENCE DES CARACTERISTIQUES HYDRALI- 
QUES DES BIEFS SUR LA PROPAGATION 
DES POINTES DE CRUE). 

For primary bibliographic entry see Field 2E. 
W90-10329 


FLUPOL: A MODEL TO FORECAST FLOW 
RATES AND FLOWS OF POLLUTANTS IN 
WATER DRAINAGE NETWORKS DURING 
RAIN--CALIBRATION AND VALIDATION 
(FLUPOL: MODELE DE PREVISION DES 
DEBITS ET DES FLUX POLLUANTS EN RE- 
SEAUX D’ASSAINISSEMENT PAR TEMPS DE 
PLUIE, CALAGE ET VALIDATION). 

For primary bibliographic entry see Field 5B. 
W90-10330 


MODELLING GEOMORPHOLOGICAL SYS- 
TEMS 


For primary bibliographic entry see Field 2J. 
W90-10334 


REVIEW OF THE BASES OF GEOMORPHO- 
LOGICAL MODELLING. 

Bristol Univ. (England). Dept. of Geography. 

For primary bibliographic entry see Field 2J. 
W90-10335 


COMPUTER SIMULATION IN GEOMORPHO- 
LOGY. 


Logica Ltd., Cobham (England). 
For primary bibliographic entry see Field 2J. 
W90-10348 


MODEL ESTIMATES OF PROVINCIAL SCALE 
ATMOSPHERIC SULPHUR DIOXIDE (SO2) 
AND OXIDES OF NITROGEN (NOX) IN AL- 
BERTA. 

McVehil-Monnet Associates, Inc., Englewood, 
co 


For primary bibliographic entry see Field 5B. 
W90-10355 


NEW APPROACHES TO USING MATHEMAT- 
ICAL PROGRAMMING FOR RESOURCE AL- 
LOCATION. 

Harvard Univ., Cambridge, MA. 

For primary bibliographic entry see Field 3F. 
W90-10368 


RECENT TRENDS AND REGIONAL DIFFER- 
ENTIATION OF SNOW VARIATION IN 
CHINA. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 


For primary bibliographic entry see Field 2C. 
W90-10375 


MATHEMATICAL MODEL OF SNOWMELT 
AND WATER PERCOLATION PROCESSES IN 
SNOW AND FIRN. 

Moscow State Univ. (USSR). 

For primary bibliographic entry see Field 2C. 
W90-10376 


ANALYSIS OF THE WATER BALANCE AND 
THE WATER RESOURCES IN THE MOUN- 
TAINOUS HEIHE RIVER BASIN. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2A. 
W90-10381 


SIMULATION OF THE STOCHASTIC PROC- 
ESSES OF MELT RUNOFF FROM HEIGOU 
GLACIER ON MOUNT BOGEDA, CHINA. 
Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2C. 
W90-10382 


ANALYSIS OF A 290-YEAR NET ACCUMULA- 
TION TIME SERIES FROM MOUNT LOGAN, 
YUKON. 

National Hydrology Research Inst., Saskatoon 
(Saskatchewan). 

For primary bibliographic entry see Field 2C. 
W90-10383 


TIME-SERIES ANALYSIS OF MASS BALANCE 
AND LOCAL CLIMATIC RECORDS FROM 
FOUR NORTHWESTERN NORTH AMERICAN 
GLACIERS. 

Maine Univ. at Orono. Dept. of Geological Sci- 
ences. 

For primary bibliographic entry see Field 2C. 
W90-10386 


NUMERICAL CLASSIFICATION OF GLA- 
CIERS IN CHINA BY MEANS OF GLACIOLO- 
GICAL INDICES AT THE EQUILIBRIUM 
LINE. 

Academia Sinica, Lanzhou (China). Lanzhou Inst. 
of Glaciology and Geocryology. 

For primary bibliographic entry see Field 2C. 
W90-10387 


MATHEMATICAL MODELS. 

Stavebni Geologie, Prague (Czechoslovakia). 

For primary bibliographic entry see Field 5G. 
W90-10393 


PROCEEDINGS OF THE CONFERENCE ON 
GEOSTATISTICAL, SENSITIVITY, AND UN- 
CERTAINTY METHODS FOR GROUND- 
WATER FLOW AND RADIONUCLIDE TRANS- 
PORT MODELING. 

For primary bibliographic entry see Field 5B. 
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DETERMINISTIC METHODS FOR SENSITIVI- 
TY AND UNCERTAINTY ANALYSIS’ IN 
LARGE SCALE COMPUTER MODELS. 

Oak Ridge National Lab., TN. Engineering Phys- 
ics and Mathematics Div. 

B. A. Worley, E. M. Oblow, F. G. Pin, R. E. 
Maerker, and J. E. Horwedel. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 135-154. 5 fig, 27 ref. 


Descriptors: *Computer models, *Model studies, 
*Sensitivity analysis, *Statistical methods, *Uncer- 
tainty, Flow models, Performance evaluation, 





Probability distribution, Radioactive waste dispos- 
al. 


The fields of sensitivity and uncertainty analysis 
have traditionally been dominated by statistical 
techniques when large-scale modeling codes are 
being analyzed. These methods are able to estimate 
sensitivities, generate response surfaces, and esti- 
mate response probability distributions given the 
input parameter probability distributions. Because 
the statistical methods are computationally costly, 
they are usually applied only to problems with 
relatively small parameter sets. Deterministic 
methods, on the other hand, are very efficient and 
can handle large data sets, but generally require 
simpler models because of the considerable pro- 
gramming effort required for their implementation. 
Two systems, GRESS and ADGEN, make use of 
computer calculus compilers to automate the im- 
plementation of deterministic sensitivity analysis 
capability into existing computer models. This au- 
tomation removes the traditional limitation of de- 
terministic sensitivity methods. The Deterministic 
Uncertainty Analysis (DUA) method uses deriva- 
tive information as a basis to propagate parameter 
probability distributions to obtain result probability 
distributions. The deterministic approach to sensi- 
tivity and uncertainty analysis was applied to a 
sample problem that models the flow of water 
through a borehole. The sample problem was used 
as a basis to compare the cumulative distribution 
function of the flow rate as calculated by the 
standard statistical methods and the DUA method. 
The DUA method gave a more accurate result 
based upon only two model executions compared 
to fifty executions in the statistical case. (See also 
W90- 10404) (Author’s abstract) 
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SENSITIVITY OF WHITESHELL GEOSPHERE 
MODELING RESULTS TO DIMENSIONALITY 
(2-D/3-D) OF THE COMPUTER SIMULA- 
TIONS EMPLOYED. 

Atomic Energy of Canada Ltd., Pinawa (Manito- 
ba). Whiteshell Nuclear Research Establishment. 
For primary bibliographic entry see Field SE. 
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REPRESENTATIVE ELEMENTS: A STEP TO 
LARGE-SCALE FRACTURE SYSTEM SIMULA- 
TION. 

Idaho National Engineering Lab., Idaho Falls. 

For primary bibliographic entry see Field 2F. 
W90-10415 


UNCERTAINTY IN FORECASTING BREAK- 
THROUGH OF FLUID TRANSPORTED 
THROUGH FRACTURES. 

Stanford Univ., CA. Dept. of Petroleum Engineer- 
in 


g- 
For primary bibliographic entry see Field 2F. 
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EFFECT OF VARIABLE FRACTURE PERME- 
ABILITY/MATRIX PERMEABILITY RATIOS 
ON THREE-DIMENSIONAL FRACTURED 
ROCK HYDRAULIC CONDUCTIVITY. 

Arizona Univ., Tucson. Dept. of Hydrology and 
Water Resources. 

For primary bibliographic entry see Field 2F. 
W90-10421 


THREE-DIMENSIONAL GEOMETRIC MOD- 
ELLING OF A FRACTURE NETWORK. 

Bureau de Recherches Geologiques et Minieres, 
Orleans (France). 

J. P. Chiles. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. Battelle Press, Columbus, Ohio. 1989. p 
361-385. 17 fig, 48 ref. 
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*Geostatistics, *Groundwater movement, *Mathe- 
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ods, Computer models, Monte Carlo method, Sim- 
ulation analysis, Stochastic models. 


Fluid-flow studies of fractured rocks require a 
three-dimensional modeling of the fracture net- 
work. Because the complexity of reality does not 
allow a complete description of the actual net- 
work, it is therefore necessary to use Monte Carlo 
models. Various basic models can be used depend- 
ing on the situation: random infinite fractures 
(planes), random finite fractures (polygons or 
discs), and locally self-similar fractal networks. 
Other models of easy simulation can be derived by 
mixing, clustering, and regionalizing the param- 
eters. These models were studied with an emphasis 
on the determination of the parameters by means 
of morphological. Statistical, geostatistical, and 
fractal tools that can be used with one dimensional 
data (boreholes) or two-dimensional data (outcrops 
and drift walls). The parameters of the 3-D models 
can be defined from 1-D and 2-D surveying. Simu- 
lation reproduces the stochastic properties of the 
model and can be conditioned to the actual data. 
The major problem is probably not really the 
generation of the fracture field, but the huge 
number of fractures that can be generated in the 
medium-size 3-D domain and the impossibility of 
taking all these fractures into account for flow 
calculations even with powerful computers. This 
problem already exists if each fracture is consid- 
ered as a pair of parallel plates, and moreover if the 
morphology of the individual fractures is taken 
into account. Two approaches can be followed. 
First, to try to define an equivalent continuous 
medium that would reproduce the flow behavior 
of the fractures of the first structural order; but the 
existence of this medium and of a representative 
elementary volume remains to be demonstrated. If 
the channels can be simulated (with a 2-D model 
similar to our 3-D model; the problem is the deter- 
mination of its parameters), the network of place 
elements can be replaced by a network of linear 
elements. (See also W90-10404) (Chonka-PTT) 
W90-10422 


APPLICATION OF STOCHASTIC METHODS 
FOR THE SIMULATION OF SOLUTE TRANS- 
PORT IN DISCRETE AND CONTINUUM 
MODELS OF FRACTURED ROCK SYSTEMS. 
British Columbia Univ., Vancouver. Dept. of Geo- 
logical Sciences. 

For primary bibliographic entry see Field 2F. 
W90-10425 


EQUIVALENT PERMEABILITY OF STATISTI- 
CALLY SIMULATED SINGLE FRACTURES. 
Lawrence Berkeley Lab., CA. Earth Sciences Div. 
For primary bibliographic entry see Field 2F. 
W90-10426 


MUCK--A NOVEL APPROACH TO CO-KRIG- 
ING. 

Geostokos Ltd., London (England). 

I. Clark, K. L. Basinger, and W. V. Harper. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 473-493. 14 fig, 11 ref, append. 


Descriptors: *Aquifers, *Geostatistics, *Kriging, 
*Multivariate analysis, *Statistical analysis, Esti- 
mating equations, Geological surveys, Hydrologic 
data collections, Multivariate Universal Cokriging, 
Texas. 


Multivariate geostatistical estimation--’co-kriging’-- 
has been used in practice for well over a decade. 
The technique as developed by Matheron has been 
documented in many case studies. There are disad- 
vantages to the standard approach, however, not 
the least of which is that the variables which are 
measured must be sited at the same geographical 
location. For example, it is necessary that if an 
exploration project is considering several minerals, 
they will tend to measure all of them on the same 
samples. There are cases in which this type of 
information is not available. Indeed, the motivation 
for using a multivariate approach may be to specif- 


ically improve estimation in areas where few varia- 
bles have been measured. A variation in co-kriging 
was carried out which does not place this restric- 
tion on the modeling and estimation processes. A 
case study which includes the complication of 
strong trend was undertaken in the Pennsylvanian 
and Wolfcamp Aquifers in the northern portion of 
Texas in the Panhandle region. A new formulation 
of the cross semivariogram was carried out that 
not only is applicable to this particular study, but 
also avoids many of the problems associated with 
previous co-kriging methods. The new cross semi- 
variogram model was used to produce a minimum 
variance unbiased estimation technique that has 
been dubbed multivariate universal co-kriging 
(MUCK), partly to distinguish it from traditional 
co-kriging. The case study for the Texas Panhan- 
dle illustrated that MUCK will provide estimation 
to some extent throughout the study area but will 
have significant impact on those areas that have 
been undersampled in a particular variable. (See 
also W90-10404) (Author’s abstract) 

W90-10427 


IMAGING OF SPATIAL UNCERTAINTY: A 
NON-GAUSSIAN APPROACH. 

Stanford Univ., CA. Dept. of Applied Earth Sci- 
ences. 

A. G. Journel. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 585-599. 2 fig, 14 ref. 


Descriptors: *Engineering geology, *Geostatistics, 
*Path of pollutants, *Risk assessment, *Simulation 
analysis, *Stochastic models, *Subsurface map- 
ping, *Uncertainty, *Underground waste disposal, 
Gaussian models, Kriging, Mathematical analysis, 
Permeability, Porosity, Probability distribution, 
Spatial distribution, Statistical analysis, Transmissi- 
vity. 


Evaluation of the multiple risks involved in the 
engineering of a repository site requires an appre- 
ciation of the impact of spatial uncertainty, that 
uncertainty associated with the distribution in 
space of such attributes as porosity, transmissivity, 
and density of fractures. A measure of spatial un- 
certainty is not given by a series of local estimation 
variances or a map of error variances; it requires 
an evaluation of joint uncertainty, e.g., the proba- 
bility that a string of estimated values is jointly in 
error by having failed to reveal a connected path 
of high permeabilities. The notion of stochastic 
simulation, providing alternative equiprobable 
images of the site and its heterogeneities, was used 
to replace the traditional single estimated map. 
These alternative images can be processed by the 
transfer function(s) modeling the site design, and 
they yield a distribution of responses instead of a 
single one. Such a response distribution measures 
the impact of spatial uncertainty on the particular 
design aspect being studied. Stochastic simulations 
are not better than the model of spatial continuity 
they image. Most simulation algorithms rely on 
Gaussian-related models characterized by a single 
covariance model mixing together the spatial cor- 
relation of high-valued attributes with that of low- 
valued attributes. Notwithstanding the decision of 
stationarity within a site or part thereof, the pat- 
tern of spatial connectivity of high values can be 
separated from that of low or median values. In 
many flow related issues, modeling the spatial con- 
nectivity of extremes (e.g., fractures or flow bar- 
riers) is more important than modeling the overall 
histogram or covariance. Gaussian-related models 
offer little flexibility for modeling spatial connecti- 
vity of extremes, and worse, they entail a little 
understood property of maximum entropy where- 
by extreme values are minimally connected. The 
indicator covariance(s) concept was found to be a 
measure of connectivity, a probability of joint ex- 
ceedence of any given threshold value. Reproduc- 
tion of a series of indicator covariance models was 
a more relevant requisite for stochastic simulations. 
(See also W90-10404) (Chonka-PTT) 
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ALTERNATIVE APPROACH TO UNCERTAIN- 
TY IN RISK ANALYSIS AND AN EXACTLY 
SOLUBLE MODEL FOR A NUCLEAR WASTE 
REPOSITORY. 

Central Electricity Generating Board, Berkeley 
(England). Berkeley Nuclear Labs. 

J. O. Corbett, D. P. Hodgkinson, and P. C. 
Robinson. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 601-611. 4 fig, 3 tab, 7 ref. 


Descriptors: *Model studies, *Path of pollutants, 
*Radioactive waste disposal, *Risk assessment, 
*Uncertainty, *Underground waste disposal, Geos- 
tatistics, Monte Carlo method, Optimization, Prob- 
ability distribution. 


Probabilistic risk analysis (PRA) needs careful in- 
terpretation if the spread of predicted conse- 
quences is dominated by uncertainty due to lack of 
data. A situation was examined where the risk 
appears to be dominated by the possibility of a 
number of uncertain qualities all lying in a narrow- 
ly defined region that gives rise to high conse- 
quences. The probiem was demonstrated with a 
simple model of radionuclide dispersal from an 
underground repository. The convergence of 
Monte Carlo calculations may be very erratic, and 
the results may strongly reflect any arbitrariness in 
assigning the original probability distributions. An 
iterative approach was followed, in which a stand- 
ard optimization program was used to locate and 
measure the high consequence peaks. The aim was 
to ensure that the final analysis correctly represent- 
ed expert judgement in relation to the high conse- 
quence regions. A major possible advantage of this 
approach lies in the final presentation and explana- 
tion of PRA results to any nonexpert body. Al- 
though many of the parameters that enter into the 
calculations are highly uncertain, the vast majority 
of possible values that they might take lead to 
estimated consequences that are totally innocuous. 
The probabilistic side of the analysis represents an 
aggregate of expert opinion concerning the likeli- 
hood, however, small, that the actual parameter 
values lie in one or more specific regions that give 
rise to the higher estimated consequences. (See 
also W90-10404) (Chonka-PTT) 
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USE OF BAYESIAN ANALYSIS FOR INCOR- 
PORATING SUBJECTIVE INFORMATION. 
BCS Richland, Inc., WA. 

P. W. Eslinger, and B. Sagar. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 613-627. 10 fig, 2 tab, 10 ref. 


Descriptors: *Bayesian analysis, *Multivariate 
analysis, *Radioactive waste disposal, *Risk assess- 
ment, *Underground waste disposal, Effective po- 
rosity, Performance evaluation, Probability distri- 
bution, Statistical analysis, Transmissivity, Uncer- 
tainty. 


Large uncertainties are inherent in characterizing 
geologic media and in defining the future condi- 
tions under which geologic repositories must per- 
form. Therefore, incorporating subjective informa- 
tion is an important aspect of quantitative assess- 
ment of repository performance. Bayesian analysis 
was used to incorporate subjective information in a 
quantitative analysis. Lacking objective data from 
laboratory and field tests, subjective information 
was coded to form prior distributions of the un- 
known parameters of the distribution of a variable. 
As objective data was obtained, Bayes’ theorem 
was used to derive estimates of the parameters. 
Conjugate prior distributions was used for per- 
forming this analysis. Two applications for the 
Basalt Waste Isolation Project (BWIP) were un- 
dertaken. The first pertained to subjective informa- 
tion obtained through probability encoding of the 
two parameters of the distribution of effective po- 
rosity at the macro scale. Only one measured value 


of effective porosity was available. Estimates for 
the two parameters were obtained by incorporat- 
ing the single data point. The example was ex- 
tended further to illustrate the effects that addition- 
al data may have on estimating the posterior distri- 
butions. The second application was for hydraulic 
transmissivity in a multivariate setting. No multi- 
variate data were available. The Bayesian ap- 
proach enables a researcher to choose the param- 
eters of a statistical distribution describing some 
physical quantity of interest (e.g., porosity). How- 
ever, the researcher must choose a parametric 
family of distributions for the data likelihood func- 
tion, e.g., lognormal, before this method can be 
applied. The Bayesian approach then selects one 
member of the chosen family of distributions after 
some data has been collected. This approach does 
not guarantee that the data likelihood function 
chosen is a better description of the physical proc- 
ess than any other likelihood function. (See also 
W90-10404) (Chonka-PTT) 

W90-10432 


PROBABILITY ENCODING: QUANTIFYING 
JUDGMENTAL UNCERTAINTY OVER HY- 
DROLOGIC PARAMETERS FOR BASALT. 
Applied Decision Analysis, Inc., Menlo Park, CA. 
M. W. Merkhofer, and A. K. Runchal. 

IN: Proceedings of the Conference on Geostatisti- 
cal, Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Transport 
Modeling. September 15-17, 1987, San Francisco, 
California. CONF-870971. Battelle Press, Colum- 
bus, Ohio. 1989. p 629-648. 14 fig, 4 tab, 31 ref. 


Descriptors: *Basalts, *Engineering geology, 
*Geohydrology, *Hydrologic properties, *Proba- 
bility distribution, *Probability encoding, *Radio- 
active waste disposal, *Risk assessment, *Uncer- 
tainty, Decision making, Hanford Disposal Site, 
Hydraulic properties, Quantitative analysis, Under- 
ground waste disposal, Washington. 


Judgmental probabilities, which provide a means 
for overcoming the lack-of-data problems associat- 
ed with uncertainty analysis, may be obtained 
through a process called probability encoding. The 
Stanford Research Institute probability encoding 
process was applied to quantify expert uncertainty 
regarding (1) the effective porosity of the Cohas- 
sett basalt flow aad (2) the ratio of vertical to 
horizontal conductivity of the flow interior at the 
potential radioactive waste repository at Hanford, 
WA. Two distinct groups of experts participated. 
The first group consisted of five individuals select- 
ed on the basis of a survey from among nationally 
and internationally known hydrologists. Probabili- 
ty distributions were obtained as a two-phase 
Delphi process. In the first phase, each expert was 
interviewed to obtain initial distributions for each 
variable. In the second phase, the initial distribu- 
tions were distributed to all panel members, along 
with explanations, and each expert provided re- 
vised distributions. The second group of experts 
consisted of three hydrologists selected by the 
prime contractor studying the Hanford site. A 
similar process was used for this group, except that 
the initial distributions were not revised. In the 
case of both groups, probability encoding inter- 
views lasted between six and eight hours each. The 
results of encoding indicate judgmental uncertain- 
ty, areas of agreement and disagreement among 
experts within each group, and systematic differ- 
ences among the two groups. In addition, the 
results suggest the potential for resolving differ- 
ences of opinion through clarifying and sharing the 
information and the reasoning processes used by 
the experts. (See also W90-10404) (Author’s ab- 
stract) 
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HYDROTHERMAL MODELING OF RESER- 
VOIRS IN COLD REGIONS: STATUS AND RE- 
SEARCH NEEDS. 

Massachusetts Inst. of Tech., Cambridge. Ralph M. 
Parsons Lab. 

For primary bibliographic entry see Field 2H. 
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PROBABILITY DISTRIBUTIONS OF RAIN ON 
SEASONALLY FROZEN SOILS. 


Agricultural Research Service, Pendleton, OR. 
Columbia Plateau Conservation Research Center. 
J. F. Zuzel. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 237-244, 7 fig, 
4 tab, 11 ref. 


Descriptors: *Cold regions hydrology, *Frozen 
ground, *Probability distribution, *Rainfall distri- 
bution, *Rainfall-runoff relationships, Cold _re- 
gions, Data interpretation, Flood peak, Frost, 
Model studies, Precipitation, Rainfall, Simulation 
analysis, Snow runoff. 


A method to quantify daily rainfall amounts associ- 
ated with different antecedent conditions and the 
relationships between daily rainfall, frozen soil, 
snow on the ground and runoff are presented. The 
procedure incorporates a daily soil frost simulation 
model which predicts the presence or absence of 
soil frost from daily weather records with algo- 
rithms for extracting rain and rain-on-snow events 
in the presence or absence of frozen soil from these 
same records. The presence or absence of soil frost 
was simulated for a 30 year period using National 
Weather Service records for Maro, Oregon. Model 
output was used to characterize the occurrence of 
soil frost at the test site and as input to the algo- 
rithm for classifying daily precipitation events. 
Probability distributions for rain and rain-on-snow 
in the presence or absence of soil frost are present- 
ed. Rain-on-snow events were associated with 57% 
of the yearly peak discharges at a nearby crest 
gauge. Daily precipitation amount and snow depth 
jointly accounted for 72.6% of the variance in 
runoff peaks at the crest gage site. (See also W90- 
10434) (Author’s abstract) 
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WATER BALANCE OF THE UPPER KOLYMA 
B 


ASIN. 
Moscow State Univ. (USSR). Faculty of Geogra- 


phy. 

V. K. Panfilova. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, cia Maryland. 1986. p 293-296, 2 
tab, 4 ref. 


Descriptors: *Cold regions, *Cold regions hydrol- 
ogy, *Data interpretation, *Hydrologic budget, 
*Kolyma River, Evaporation, Hydrometeorology, 
Orotukan River, Precipitation, Rainfall-runoff rela- 
tionships, Srednekan River. 


Water balance must be estimated for the economic 
development of cold regions. The sparse hydrome- 
teorolgical network in these regions requires indi- 
rect methods to estimate the water balance. The 
author used runoff and its coefficients for the 
Upper Kolyma Basin which is 99,400 sq km in 
area. Instead of using evaporation data, the water 
use method was employed while taking into ac- 
count the orientation and wetting of the main 
tributaries in the Upper Kolyma Basin. The water 
balance components differ with each region and 
landscape zone. The precipitation and runoff 
values in the Upper Kolyma Basin increase east- 
ward and to the right-bank areas. The Orotukan 
and Srednekan basins receive the most precipita- 
tion. In the western part of the Upper Koylma 
Basin, the evaporation is less than in the eastern 
parts because talus and scree cover most of the 
small river basins in the west. (See also W90- 
10434) (Lantz-PTT) 
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ESTIMATIONS OF SNOWMELTING RATE IN 
A SMALL EXPERIMENTAL SITE. 

Hokkaido Univ., Sapporo (Japan). Inst. of Low 
Temperature Science. 

For primary bibliographic entry see Field 2C. 
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METHODOLOGY FOR ESTIMATING DESIGN 
PEAK FLOWS FOR YUKON TERRITORY. 





Department of Indian Affairs and Northern Devel- 
opment, Whitehorse (Yukon Territory). Water Re- 
sources Div. 

J. R. Janowicz. 
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2 tab, 6 ref. 


Descriptors: *Cold regions, *Flood frequency, 
*Flood peak, ‘*Statistical methods, *Yukon, 
Alaska, Data interpretation, Flood discharge, Hy- 
draulic profiles, Regression analysis, Structural 
analysis. 


A simple methodology based on a regional ap- 
proach was sought for estimating peak flows for 
the design of hydraulic flow structures in Yukon 
Territory. This procedure is needed for the design 
of projects with relatively short design lives such 
as those associated with placer mining operations 
as well as more conventional hydraulic design 
situations. Because of its varied use, a simple read- 
ily transferable method was desired. Single station 
flood frequency analyses were carried out on 90 
hydrometric stations with at least six years of 
record using a two parameter lognormal theoreti- 
cal probability distribution which is believed to be 
the most appropriate for sparse data regions. 
Simple linear regression relationships were devel- 
oped between maximum annual instantaneous dis- 
charge at selected return periods and drainage area 
for two hydrologic regions. An attempt was made 
to improve on these relationships through the in- 
clusion of a storage index factor which accounts 
for the relative location of a lake or swamp storage 
within a basin, as well as the size of the storage. 
The inclusion of this parameter in the developed 
relationships was statistically significant. Multiple 
linear regression equations were developed for the 
Interior and Western Mountains hydrologic re- 
gions and the territory as a whole. (See also W90- 
10434) (Author’s abstract) 
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ESTIMATION OF GLACIER MELTWATER 
HYDROGRAPHS. 

Alaska Univ., Fairbanks. Inst. of Northern Engi- 
neering. 

D. Bjerklie, and R. Carlson. 

IN: Proceedings of the Symposium: Cold Regions 
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banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 345-352, 2 fig, 
4 tab, 8 ref. 
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*Hydrograph analysis, *Hydrographs, *Melting, 
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tistical analysis. 


The melt component of daily hydrographs from 
glaciers was estimated using a multiple regression 
model. The model was developed for one basin 
using a period of record over which precipitation 
was not a significant contributor to the stream 
flow. The input variables were the average daily 
temperature and the log of the previous day’s flow. 
The model was then applied to subsequent years of 
temperature data to test its applicability. The melt 
estimates from the model simulations were com- 
pared with other independent estimates. The re- 
sults indicate that estimation of melt using the 
simple multiple regression model m presented here 
is a useful method which gives annual melt vol- 
umes that are similar to the other estimates and 
allows the daily determination of melt flow. The 
capability of the model to predict daily melt flows 
should be evaluated more thoroughly because of 
the model’s high degree of sensitivity to error in 
input data and to changes in model parameters, and 
because of the model’s overly simple design. (See 
also W90-10434) (Author’s abstract) 

W90-10473 


USING REAL-TIME (SNOTEL) DATA IN THE 
NWSRFS MODEL. 

Agricultural Research Service, Boise, ID. North- 
west Watershed Research Center. 


K. R. Cooley. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 439-448, 7 fig, 
3 tab, 4 ref. 
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cumulation, Snowmelt. 


Physica! process simulation models and real-time 
snowpack data show promise for enhanced water 
supply forecasts yielding complete hydrographs 
rather than the traditional seasonal volume fore- 
casts based on regression techniques and monthly 
snow course readings. Hydrograph forecasts are 
especially important for efficient reservoir oper- 
ation and flood peak estimates. The National 
Weather Service River Forecast System 
(NWSRFS) model which is capable of simulating 
snow accumulation and melt, as well as stream 
flow, was tested using snowpack and climatologi- 
cal data from sites in Idaho and Montana. Several 
approaches for using real-time SNOTEL data in 
the NWSRFS model were also tested. Results indi- 
cated that using SNOTEL data did not improve 
forecasts in most cases. However, modification of 
standard calibration procedures to more nearly 
reflect the relationship between snow pillow data 
and streamflow could improve results. Results also 
emphasize the expedience of properly locating pre- 
cipitation and snow water equivalent monitoring 
equipment. (See also W90-10434) (Author’s ab- 
stract) 

W90-10483 


THEORETICAL BASIS AND PERFORMANCE 
EVALUATION OF CURRENT SNOWMELT- 
RUNOFF SIMULATION MODELS. 

Radian Corp., Sacramento, CA. 

T. W. Tesche. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
o~ Bethesda, Maryland. 1986. p 449-459, 42 
ref. 
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Computer simulation of snowpack accumulation, 
metamorphism and snowmelt has emerged as a 
viable tool in water resources management. Snow- 
pack modeling has also been employed in such 
diverse fields as the description of snow avalanche 
and simulation of the fate of acidic materials trans- 
ported over large distances in the atmosphere prior 
to accumulation in seasonal snow cover. (i.e., acid 
deposition). This literature review presents repre- 
sentative empirical and numerical snowpack simu- 
lation models that have been developed. Present 
day snowpack simulation models on the basis of 
their treatment of physical processes, operational 
features, data requirements, and results of past 
verification studies. Critical areas of model devel- 
opment, data acquisition, calibration and model 
evaluation are addressed. (See also W90-10434) 
(Author’s abstract) 
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RECENT DEVELOPMENTS IN SNOWMELT- 
RUNOFF SIMULATION. 

Sveriges Meteorologiska och Hydrologiska Inst., 
Norrkoeping. 

S. Bergstrom. 

IN: Proceedings of the Symposium: Cold Regions 
Hydrology. University of Alaska-Fairbanks, Fair- 
banks, Alaska. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1986. p 461-468, 4 fig, 
1 tab, 31 ref. 
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analysis, *Snowmelt, Data interpretation, Free 
water, Meteorological data, Seasonal variation, 
Snowpack, Temperature. 


Tendencies in recent developments of snowmelt 
simulation models are reviewed with special em- 
phasis on the problem of model complexity versus 
data availability and model performance. Simpli- 
fied conceptual snowmelt models have been devel- 
oped that treat meteorological variables as indices 
of physical processes that govern snowmelt. For 
example: liquid water holding capacities; seasonal 
variations of the degree-day factor; separation of 
rainy and clear days to account for differences in 
the energy exchange processes; use of daily tem- 
perature range as an index of radiation; computa- 
tion of the thermal conditions in the snowpack 
and/or in the ground. The development of concep- 
tual snowmelt-runoff simulation models has 


reached a point where further development is hin- 
dered by a lack of knowledge about the areal 
variability of the climatological variables and of 
_— itself. (See also W90-10434) (Lantz- 


W90-10485 


GROWTH AND DECAY OF RIVER ICE 
COVERS. 

Clarkson Univ., Potsdam, NY. Dept. of Civil and 
Environmental Engineering. 

For primary bibliographic entry see Field 2C. 
W90-10498 
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OVERVIEW OF CURRENT DAM CONSTRUC- 
TION IN AUSTRALIA. 

K. Webster. 

International Water Power and Dam Construction 
IWPCDM, Vol. 42, No. 5, p 16-17, May 1990. 1 
tab. 


Descriptors: *Australia, *Dam construction, 
*Rockfill dams, Concrete dams, Dam stability, Irri- 
gation, Maintenance, Water supply. 


Dam construction in Australia reached its peak in 
the 1950s and 1960s, with the completion of more 
than 130 large dams during that period. Since that 
time, the rate of construction has slowed and there 
has been an increase in the remedial works being 
undertaken on old dams. In recent years, tie pre- 
dominant dam types built have been zoned earth 
and rockfill dams, and dams with reinforced con- 
crete upstream face. The majority of new dam 
construction is in Tasmania, where the Hydro- 
electric Commission is constructing the King 
River Power Development and the Anthony 
Power Development on the west coast. The King 
River Power Development involves the construc- 
tion of two dams, Crotty and Darwin. Crotty is a 
gravel-and-rockfill embankment with a reinforced 
concrete upstream face. Darwin is a zoned rockfill 
saddle embankment, which is at the southern ex- 
tremity of the reservoir. The Anthony Power De- 
velopment involves the construction of five dams 
and a series of canals and tunnels that convey the 
water to the Anthony Power Station. The five 
dams are all compacted rockfill embankments with 
a reinforced concrete upstream face. A number of 
dams have been completed recently in Queensland 
for water supply and irrigation purposes. Among 
them are the Bjelke Peterson dam (1988), the 
Bareen Pocket dam (1989), and the Peter Faust 
dam which will be completed in 1991. All are earth 
and rockfill embankments. Western Australia is the 
only other state with any significant large dams 
under construction. The Harris dam, which is an 
earthfill embankment is scheduled for completion 
in 1990. The replacement of the Victoria dam, 
which is likely to be a high-paste roller compacted 
concrete dam has not yet begun construction. In 
the states of New South Wales and Victoria, the 
main activity is associated with remedial work and 
strengthening of old dams. A continuing effort to 
improve the safety of all dams in Australia is a 
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prime objective of the Australian National Com- 
mittee on Large Dams. (Agostine-PTT) 
W90-09642 


UPGRADING OF DAMS IN NEW SOUTH 
WALES. 

New South Wales Dept. of Public Works, Ashfield 
(Australia). 

P. Carter. 

International Water Power and Dam Construction 
IWPCDM, Vol. 42, No. 5, p 19-22, May 1990. 2 
fig. 


Descriptors: *Australia, *Dam construction, *Dam 
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pacity, Storage capacity. 


The upgrading of dams in New South Wales has 
been carried out for two reasons. First, develop- 
ments in meteorology and hydrology have shown 
that the spillway capacities of many existing dams 
have been seriously underestimated. Second, rais- 
ing the height of existing dams for increased stor- 
age is frequently attractive from both the cost and 
the environmental points of view. Large storage 
volumes can be obtained from moderate increases 
in crest level with minimal additional land acquisi- 
tion and with a negligible impact on the established 
environment. The New South Wales (NSW) 
Public Works Department exercises a role as the 
dam design and construction authority to various 
dam owning authorities, and to the private sector. 
It has some 10 dam strengthening and enlargement 
projects either recently completed, under con- 
struction or currently in the investigation or design 
phase. The earth and rockfill dams of New South 
Wales which have been heightened have been of 
relatively conventional design, with the more in- 
teresting problems revolving around the need to 
carry out construction without interfering with 
normal storage operations. It is both difficult and 
expensive to raise the height of concrete gravity 
dams by placing additional concrete on the back- 
face; considerable attention has been given to the 
development of post-tensioned ground anchor sys- 
tems. The Burrinjuck dam is the most heavily 
stressed structure to date, using two rows of an- 
chors at 1.5 m centers, providing a total pre- 
stressing force of 14,200 kN/linear meter. The load 
of anchors can be monitored and they are fully 
restressable, giving total confidence in their capac- 
ity. Considerable care has been taken with design 
details, to ensure adequate corrosion protection 
and a long prospective life. (Agostine-PTT) 
W90-09643 


SNOWY MOUNTAINS REFURBISHMENT 
PROJECT. 

Snowy Mountains Engineering Corp., Cooma 
(Australia). 

For primary bibliographic entry see Field 8C. 
W90-09644 


SAFETY AND REHABILITATION OF TAIL- 
INGS DAMS. 

A. D. M. Penman. 

International Water Power and Dam Construction 
IWPCDM, Vol. 42, No. 5, p 30-37, May 1990. 10 
fig, 1 tab, 11 ref. 


Descriptors: *Dam construction, *Dam design, 
*Mine wastes, *Tailings dams, *Wastewater treat- 
ment, *Water pollution control, Path of pollutants. 


Tailings dams form a vital link in the successful 
and profitable operation of a mine or industry. The 
name tailings derives from the fact that they are 
the waste products that come out of the tail end of 
a processing plant. Tailings are usually a suspen- 
sion of fine material (in the fine sand-silt range) in 
water containing some of the chemicals used in the 
processing. This mixture can be transported by the 
force of gravity in open ditches or timber flumes. 
It can usually be pumped and passed over undulat- 
ing countryside in pipelines. A compromise has to 
be reached between the cost of the pumping and 
pipeline, the positions of the most and least advan- 
tageous sites, and whether permission will be 
granted for construction in certain areas. Environ- 


mental considerations may prevent the transporta- 
tion water from being discharged into the natural 
drainage system of the countryside near the dam, 
in which case it becomes essential to return it to 
the plant or to set up separate treatment works to 
purify it before release. The principles of embank- 
ment dam design have gradually been applied to 
tailings dams. An overview of 30 papers presented 
at a Symposium on this subject is given, which 
include the following topics: Stability under earth- 
quake loading (7 papers); Static stability including 
seepage pressure and properties of deposited tail- 
ings (18 papers); and Rehabilitation and environ- 
mental effects (5 papers). (Agostine-PTT) 
W90-09645 


EFFECTS OF AGGRESSIVE WATER ON DAM 
CONCRETE. 

Gibb (Alexander) and Partners Ltd., London 
(England). 

For primary bibliographic entry see Field 8F. 
W90-09646 


REVIEW OF ROLLER COMPACTED CON- 
CRETE DAMS IN THE 1980S. 

Dunstan (Malcolm) and Associates, Newton Abbot 
(England). 

For primary bibliographic entry see Field 8F. 
W90-09647 


DESIGN AND CONSTRUCTION OF THE 
TASHKUMYR RCC DAM, USSR. 

E. V. Kurakina, V. B. Sudakov, and V. S. Shangin. 
International Water Power and Dam Construction 
IWPCDM, Vol. 42, No. 5, p 47-48, May 1990. 2 
fig, 1 tab, 5 ref. 
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Several roller compacted concrete (RCC) struc- 
tures have been constructed in the USSR. The 
largest of them is the 75 m-high Tashkkumyr dam, 
which was constructed between 1987 and 1989. 
The dam is on the Naryn River in the Tjan-Shan 
mountains. The project consists of a gravity dam, a 
powerhouse with an intake and auxiliary tunnel 
spillway (built for flow diversion and permanent 
service). The powerhouse accommodates three 
units with an installed capacity of 150 MW each. 
The concreting technique chosen for the Tashku- 
myr dam was a combination of RCC in the dam 
body and the Toktogul method of layer-by-layer 
concreting in the protected external zones. This 
combination of methods allowed for the same con- 
crete placement equipment to be used and for 
concreting work in the various zones to take place 
at the same time. This made it possible to heighten 
the dam evenly, and to maintain a favorable tem- 
perature regime (with small temperature differen- 
tials). The uniform thicknesses of vibrated and 
rolled concrete layers secured compact and stable 
bonds between the two concrete types. This com- 
bination also allowed for simple designs for con- 
traction joints and ‘dummy’ joints. Tests carried 
out on laboratory samples of the RC and tests on 
cores drilled out of the powerhouse indicated that 
the properties of the RCC met the design require- 
ments. The cost of the RCC proved to be 20% 
lower than that of the conventional concrete, and 
there were also major savings in the labor force 
required. (Agostine-PTT) 

W90-09648 


ANALYZING WATER MAIN REPLACEMENT 
POLICIES. 

Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

For primary bibliographic entry see Field 5F. 
W90-09670 


DESIGN OF SMALL COMMUNITY SEWAGE 
SYSTEMS WITH MICROCOMPUTERS. 
University of Southwestern Louisiana, Lafayette. 
Dept. of Agricultural Engineering. 

For primary bibliographic entry see Field 5D. 


W90-09935 


COMPARATIVE STUDY OF THREE SOIL AB- 
SORPTION TRENCH DESIGNS INSTALLED 
IN AN ILLINOIAN TILL SOIL. 

Virginia State Dept. of Health, Richmond. Bureau 
of Sewage and Water. 

For primary bibliographic entry see Field SD. 
W90-09945 


USE OF RADIOISOTOPE TRACERS TO IDEN- 
TIFY THE LOCATION OF SEEPAGE AREAS 
IN A DAM. 

Australian Atomic Energy Commission, Suther- 
land. Lucas Heights Research Labs. 

J. F. Easey, and G. L. Hanna. 

IN: Isotope Techniques in Water Resources Devel- 
opment. Proceedings of an International Symposi- 
um held March-April 3, 1987, Vienna, Austria. 
International Atomic Energy Agency, Vienna. 
1987. p 593-604. 4 fig, 15 ref. 
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A novel radioisotope tracer technique has been 
used to locate seepage areas in the Pedu Dam, 
Malaysia, a 61 m high, rock-filled dam with an 
upstream asphalt/bitumen membrane. The radioi- 
sotopes were Au-198 (2 GBq) and tritiated water 
(200 GBq). The seepage areas were located using 
Au-198 adsorbed onto a fine powder with a parti- 
cle size selected to control the rate of sedimenta- 
tion in water to 1 m/h. A submerged injection 
device was constructed to allow the tracers to be 
injected at a constant height of 5 m above the 
bitumen membrane. The device was towed at a 
constant speed with a constant rate of injection of 
the mixed tracers to give an even distribution of 
the tracers over the approximately 15,000 square 
metes of dam face. Because of operational difficul- 
ties, it took three days to inject the tracers. The 
distribution of the Au-198 labelled sediment over 
the bitumen membrane was measured in one day 
and the data were used to build up a picture from 
which potential seepage areas were identified. Sub- 
sequent brine testing confirmed the presence of all 
but one of the seepage areas identified by Au-198. 
The use of this tracer technique for dam seepage 
location was a significant improvement over previ- 
ous methods. All the seepage points were located 
in under one week, whereas brine testing of this 
area would have taken two years. (See also W90- 
09551) (Author’s abstract) 

W90-09986 


DEVELOPMENTS IN 
NEERING--VOLUME 5. 
For primary bibliographic entry see Field 8B. 
W90-09992 


HYDRAULIC ENGI- 


WATER POWER DEVELOPMENT: LOW- 
HEAD HYDROPOWER UTILIZATION. 
Karlsruhe Univ. (Germany, F.R.). Inst. fuer Was- 
serbau und Kulturtechnik, Versuchsanstalt fuer 
Wasserbau - Theodor-Rehbock-Lab. 

For primary bibliographic entry see Field 8B. 
W90-09993 


INTAKE DESIGN FOR ICE CONDITIONS. 
Cold Regions Research and Engineering Lab., 
Hanover, NH. 


For primary bibliographic entry see Field 8B. 
W90-09994 


ALTERNATIVE CHANNELIZATION PROCE- 
DURES. 


Thames Water Authority, Reading (England). 
Rivers Div. 

For primary bibliographic entry see Field 4A. 
W90-10002 





UNDERWATER CONSTRUCTION WITH CON- 
CRETES (JAN 70 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 8F. 
'W90-10040 


SURGE SHAFT STABILITY FOR PUMPED- 
STORAGE SCHEMES. 

Newcastle upon Tyne Univ. (England). Dept. of 
Mechanical Engineering. 

A. Anderson. 

IN: Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. Technomic Publishing 
Co., Inc., Lancaster, Pennsylvania. 1988. p 97-137, 
23 fig, 81 ref, append. 
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A surge shaft in a pressure tunnel system is any 
shaft with an unbounded water surface free to 
move vertically. Such a shaft may occur because it 
has been introduced for another reason, but the 
term surge shaft is usually applied when it has been 
introduced specifically to provide a free water 
surface at that point in the pressure tunnel system. 
When applying the existing literature to surge 
shafts in pumped-storage plants it is important to 
remember that the surge shaft is generally restrict- 
ed to turbine flows only. Important features of the 
hydraulic system are often over-simplified or ig- 
nored and conclusions applicable to one particular 
plant layout should not be extended to other lay- 
outs. Also, simplifying some systems so as to fit an 
existing analysis may fundamentally alter the re- 
sponse of the system in unexpected ways. If a new 
analysis is required because of a new problem 
peculiar to pumped storage plants, it is important 
that all self-excitation mechanisms should be identi- 
fied. Static and dynamic instabilities should be 
distinguished and the full range of stability analysis 
techniques should be exploited as appropriate. (See 
also W90-10104) (Mertz-PTT) 

W90-10108 


QUANTITATIVE ASSESSMENT OF THE RELI- 
ABILITY OF DAMS. 

L. A. Zolotov, I. N. Ivashchenko, and V. M. 
Semenkov. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 361-367, January 1990. 6 fig, 1 tab, 7 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 8-11, July 1989. 


Descriptors: *Dam stability, *Dams, *Hydraulic 
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An engineering method was derived to assess dam 
reliability incorporating the methods of probabilis- 
tic-economic optimization. It considered the three 
main types of failure; erosion during flow of water 
over the crest, disturbance of strength of extreme 
movement, and disturbance of seepage strength or 
extreme leakage of water. A sample calculation 
involved a 70 m cofferdam (slope = 2) with a loam 
core and gravel shoulders topped with stone; the 
expected service life was 3 years. The method 
substantially reduced the calculations as compared 
with the statistical modeling method. Additional 
reduction in number of calculations were achieved 
by assessing the priority of and limiting the number 
of possible forms of dam failure, random param- 
eters of the load, and properties of the structure. 
(Cassar-PTT) 

W90-10145 


MONITORING AND MANAGEMENT OF THE 
CONSTRUCTION OF AN EARTH EMBANK- 
MENT BY MEANS OF A COMPUTER-BASED 
VARYING NUMERICAL MODEL. 

A. A. Nevskii, and A. I. Yudkevich. 
Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 376-378, January 1990. 1 fig. Translated 
from Gidrotekhnicheskoe Stroitel’stvo, No. 7, p 
16-17, July 1989. 
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A dynamic (varying numerical) model of an earth 
structure was developed to solve the problem of 
monitoring the quality of fill and stability during 
construction. The object of the modeling was a 9- 
km, 10 to 30-m high dike at the upper reservoir of 
the Zagorsk pumped storage station. Problems in 
the project included nonuniformity of the borrow 
soils and unfavorable weather conditions affecting 
placement of fill. Basic data for the model included 
a numerical description of the profile of the struc- 
ture, reservoir level, position of groundwater and 
geological boundaries by space coordinates, as 
well as the characteristics of the seepage and phys- 
ical and mechanical properties of the soils. The 
model was then divided into design blocks (a 
chosen volume included between two parallel ver- 
tical plains). The design blocks were divided into 
design elements, which, in the transverse section, 
represented a rectangle extended to the entire 
length of the design block. Actual data was used 
for the design elements in which soil had been 
placed; design data was used for the design ele- 
ments not yet completed. The model allowed flexi- 
bility in design and construction while maintaining 
quality as well as taking advantage of available 
soils. (Cassar-PTT) 

W90-10147 


EFFECT OF BREAKERS ON BLOCKS OF 
COASTAL PROTECTION STRUCTURES. 

D. D. Lappo, and E. I. Koshelnik. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 379-383, January 1990. 3 fig, 10 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 18-20, July 1989. 
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Unprotected coasts under the effect of waves are 
deformed to a state of dynamic equilibrium. Analo- 
gous changes occur with a slope protected by a 
rock mass. A model was developed to calculate the 
effects of breaking waves on coastal protection 
structures such as sea walls, underwater break- 
waters, and rock fill. There are no qualitative 
differences between the behavior of a rock fill 
from the effect of waves on large fractions of 
erodible slopes. The pressure in the voids of the 
armor between blocks can reach 200 kN/sq m, 
which causes a decrease in the force of cohesion 
with the surrounding blocks; the blocks are up- 
rooted and move. It was found that blocks in fill 
experience a maximum force effect under condi- 
tions of wave action close to resonance when the 
stability coefficient acquires a minimum value. A 
formula was recommended to calculate the mass of 
a block, which was the main factor in resistance to 
displacement by breakers; cohesion with adjacent 
blocks was relatively insignificant. (Cassar-PTT) 
W90-10148 


DESIGNS OF INLET WORKS AT THE INTER- 
SECTION OF A CANAL WITH A STREAM. 
A. P. Gurev, Y. I. Nikolaenko, and M. M. 
Chumicheva. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 396-399, January 1990. 3 fig, 4 ref. Trans- 
lated from Gidrotekhnicheskoe Stroitel’stvo, No. 
7, p 28-29, July 1989. 


Descriptors: *Canals, *Design criteria, *Hydraulic 
structures, *Inlets, *Streams, Construction, Energy 
dissipation, Flow control, Ice cover, Stilling 
basins. 


Designs were developed for the confluence of 
canals with natural streams in which the differ- 
ences in water levels between the two are not 
great, on the order of 2 to 6 m, and the waters of 
the two intermix. Several classes of designs were 
described: (1) Two types of funnel-type inlet were 
described, one with an axisymmetric funnel and 
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one with an axisymmetric curvilinear funnel. (2) 
For efficient operation with ice cover, a structure 
with a pressure flow was developed having a basin 
with a curved front wall to turn the admitted flow 
and raise it by ramp. Acting as a stilling basin, this 
encouraged a fan-like dispersion of the flow into 
the canal. (3) The best arrangement was a structure 
with a submerged outlet, which admitted stream 
discharge into the canal as a thin layer with a flow 
of 0.5 to 1.0 sq m/sec. The bilateral swirling design 
consisted of a stilling basin expanding to a circula- 
tion chamber in which the sill was joined to the 
side walls by smooth curves. The unilateral design 
had a stilling basin and drain trench located in the 
slope parallel to the canal axis. The wall of the 
trench parallel to the canal axis continued the 
curved wall of the basin, the second wall of the 
trench was adjacent to the wall of the basin with 
the ramp. (Cassar-PTT) 

W90-10151 


PRINCIPLES OF OPTIMIZATION OF THE 
DESIGN OF THE TURUKHAN HYDROELEC- 
TRIC STATION DEVELOPMENT. 

For primary bibliographic entry see Field 8C. 
W90-10155 


CLAY LINING OF LEAKING EARTH DAMS. 
Western Australia Dept. of Agriculture, South 
Perth. 

R. G. Pepper, and K. L. Burke. 

Agricultural Water Management AWMADF, Vol. 
7 No. 4, p 379-390, March 1990. 1 fig, 4 tab, 15 
ref. 
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types. 


A new technique of clay lining leaking earth dams 
was evaluated. The traditional method of clay 
lining for leaking dams has been to place the soil 
material in compacted horizontal benches up the 
batter, and cut the dam to shape. The new tech- 
nique involves placing the lining material directly 
on the sloping (1 in 3.5) batters of the dam and 
compact it in an effort to reduce costs. Soils of 
different textures were used for lining material in 
four different dams for evaluation. It appears that 
an 11 ton self-propelled roller operating on steep 
batter slopes of 1 to 3.5 can only achieve between 
93 and 98% of maximum dry density (MDD), but 
when the slope is reduced to 1 to 4.4, MDD can be 
obtained. Kaolin soils with high clay contents (> 
51%) are prone to shrink and crack on drying and 
could cause problems in very dry years. These 
high clay content soils should be avoided if lower 
clay content soils are available close to the dam. 
Soils with smectite-illite type clay minerals con- 
taining high proportions (> 50%) silt plus clay and 
high salt contents (0.74% NaCl) are prone to re- 
structure and leak by development of ‘pipes’ and 
should be avoided if possible. The inconvenience 
of a possible failure using these high liquid limit 
soils with swelling clay minerals present, combined 
with a high soluble salt content should be seriously 
considered before using as a lining material. 
(Lantz-PTT) 

W90-10163 


EVALUATION OF EXCESS PORE PRESSURES 
AND DRAINAGE CONDITIONS AROUND 
DRIVEN PILES USING THE CONE PENETRA- 
TION TEST WITH PORE PRESSURE MEAS- 
UREMENTS. 

Alberta Univ., Edmonton. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2G. 
W90-10174 


STRUCTURE TO CONTROL ICE FORMATION 
AND ICE JAM FLOODING ON CAZENOVIA 
CREEK, NEW YORK. 

Army Engineer District, Buffalo, NY. 

For primary bibliographic entry see Field 2C. 
W90-10496 
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DEVELOPMENT AND FIELD EVALUATION 
OF A CATENARY TRAIL-TUBE SYSTEM FOR 
REDUCING IRRIGATION WATER LOSSES. 
South Dakota State Univ., Brookings. Dept. of 
Agricultural Engineering. 

For primary bibliographic entry see Field 7B. 
W90-09525 


FLOW DISTRIBUTION BY GRAVITY FLOW 
IN PERFORATED PIPE. 

Minnesota Univ., St. Paul. Dept. of Agricultural 
Engineering. 

For primary bibliographic entry see Field 5D. 
W90-09933 


DEVELOPMENTS IN HYDRAULIC ENGI- 
NEERING--VOLUME 5. 
Elsevier Science Publishing Co., New York. 1988. 
234p. Edited by P. Novak. 


Descriptors: *Estuaries, *Hydraulic engineering, 
*Ice, *Intakes, *Polders, *Reviews, Currents, 
Design criteria, Drainage, Energy, Hydroelectric 
power, Saline-freshwater interfaces, The Nether- 
lands, Tidal effects. 


This fifth volume of Developments in Hydraulic 
Engineering follows the pattern set by the previous 
four volumes, that is, attempting to provide a 
comprehensive and authoritative review of the 
state of the art of one subject area within hydraulic 
engineering. Four main topics covered here: (1) 
low-head hydropower utilization; (2) intake design 
for ice conditions; (3) interference between estu- 
aries and seas; and (4) polders. The chapter on 
low-hydropower covers sources of mechanical 
energy in water, classification of hydropower 
schemes, designs for low-head river developments, 
including examples of numerous layouts, mainly 
from central Europe, powerplant designs, evalua- 
tion of producible power and energy, operation of 
chain of plants, electrical equipment, planning, and 
other aspects of powerplant assessment. Intake 
design for ice conditions includes a discussion of 
ice conditions in rivers, lakes, and oceans, behavior 
of ice at intakes, and countermeasures, with case 
studies. The characteristics of estuary/coastal 
interfaces are considered both theoretically and in 
terms of data from specific examples from through- 
out the world; regional wave modeling and sea bed 
stresses and sediment transport also are discussed. 
Polders, a special type of drained land generally 
found in low-lying coastal areas, river plains, shal- 
low lakes, lagoons, and upland depressions, are 
described in general terms and design issues, par- 
ticularly as they relate to The Netherlands, are 
discussed. Design and management of ditches, 
dikes, irrigation, and flood are considered. (See 
W90-09993 thru W90-09996) (Rochester-PTT) 
W90-09992 


WATER POWER DEVELOPMENT: LOW- 
HEAD HYDROPOWER UTILIZATION. 
Karlsruhe Univ. (Germany, F.R.). Inst. fuer Was- 
serbau und Kulturtechnik, Versuchsanstalt fuer 
Wasserbau - Theodor-Rehbock-Lab. 

E. Mosonyi. 

IN: Developments in Hydraulic Engineering- 
Volume 5. Elsevier Science Publishing Co., New 
York. 1988. p 1-105, 61 fig, 5 tab, 73 ref. 


Descriptors: *Hydroelectric power, *Low-head 
hydroelectric power, *Reviews, Austria, Design 
criteria, Economic aspects, Energy, France, Ger- 
many, Hungary, Hydroelectric plants, Japan, 
Soviet Union, Switzerland, Water resources devel- 
opment, Yugoslavia. 


Only about 10-20% of the world’s economically 
feasible water power resources have been utilized 
to date. The competitiveness of hydroelectric 
power plants has been enhanced in recent decades 
due to advances in various fields of technology 
(e.g., new foundations and grouting methods, im- 
proved tunneling techniques, less expensive steel 
structures, and improved designs for gates, tur- 
bines, and generators). Water power development 


is reviewed here in general terms and the specific 
considerations appropriate to low-head hydropow- 
er utilization are discussed in detail. Topics in- 
clude: physical principles of water power utiliza- 
tion; traditional water power development; 
pumped storage, tidal, and depression (solar evapo- 
ration) schemes; power station layouts; calculating 
plant potential; operation of chain of plants; hydro- 
power generating sets (turbines, governing, electri- 
cal equipment, and control systems); preliminary 
planning of the powerhouse; environmental and 
aesthetic aspects; and economic appraisal. Plants 
used as illustrative examples are from Germany, 
Switzerland, France, Soviet Union, Japan, Austria, 
Yugoslavia, and Hungary. (See also W90-09992) 
(Rochester-PTT) 

W90-09993 


INTAKE DESIGN FOR ICE CONDITIONS. 
Cold Regions Research and Engineering Lab., 
Hanover, NH. 

G. D. Ashton. 

IN: Developments in Hydraulic Engineering- 
Volume 5. Elsevier Science Publishing Co., New 
York. 1988. p 107-138, 9 fig, 1 tab, 44 ref. 


Descriptors: *Ice, *Intakes, Debris, Floating ice, 
Frazil ice, Hydroelectric plants, Monitoring, Oper- 
ating policies, Water temperature. 


The design of water intakes is almost always based 
on a combined consideration of the water supply 
needs and the characteristics of the source water 
body. The water supply requirements generally 
consist of a required withdrawal or passage rate, 
some measure of reliability, and some measurement 
of quality, ranging from temperature in the case of 
selective withdrawal structures to the exclusion of 
debris or trash. Where ice forms in or on the 
source water body, consideration also must be 
given either to preventing its ingestion into the 
intake or ingesting it in such a condition that it 
does not interfere with water usage. Treating ice at 
intakes merely as a debris problem is a naive ap- 
proach because the quantities of ice are orders of 
magnitude larger than those of debris and because 
ice, with its slight buoyancy, often behaves differ- 
ently. Because of the diversity of intakes used, the 
present approach is to characterize ice conditions 
that occur near intakes and then to describe the 
principles behind various countermeasures that 
have been used both successfully and unsuccessful- 
ly to avoid or mitigate ice problems. Frazil ice can 
block intakes in several ways, including build-up 
on trash racks, impingement against the intake 
opening, and deposition within the intake chamber. 
Broken ice arriving at intakes often should not be 
allowed to enter the intake. Little is known about 
the depth below the surface that an intake must be 
placed to avoid entrainment of fragmented ice. 
The depth must be at least greater than the cover 
that will accumulate under the action of a given 
approach velocity. There are various countermeas- 
ures that may be employed to deal with ice at 
intakes; these include: changing the ice regime 
(e.g., by changing the velocity or stabilizing the 
cover), thermal methods, mechanical methods, and 
hydraulic methods. Monitoring of water tempera- 
tures and ice conditions allows more efficient oper- 
ation of intakes to avoid or mitigate ice problems, 
and in the case of serious stoppages, it is a great aid 
in accurately diagnosing the particular cause. Little 
quantitative information exists on ice conditions at 
intakes that can be used by designers trying to 
cope with the problem. (See also W90-09992) 
(Rochester-PTT) 
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POLDERS. 

Instituto Botanico, Lisbon (Portugal). 

For primary bibliographic entry see Field 2H. 
W90-09996 


FLUSHING FLOWS. 

EA Engineering, Science, and Technology, Inc., 
Lafayette, CA. Western Regional Operations. 

For primary bibliographic entry see Field 5G. 
W90-10001 


SURGE SHAFT STABILITY FOR PUMPED- 
STORAGE SCHEMES. 

Newcastle upon Tyne Univ. (England). Dept. of 
Mechanical Engineering. 

For primary bibliographic entry see Field 8A. 
W90-10108 


CHARACTERISTICS OF A SEDIMENT-LADEN 
FLOW IN A CANAL AND CALCULATION OF 
RELIABILITY. 

V.S. Altunin, and T. A. Aliev. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 367-375, January 1990. 12 ref. Translated 
from Gidrotekhnicheskoe Stroitel’stvo, No. 7, p 
11-16, July 1989. 


Descriptors: *Canals, *Channel erosion, *Flow, 
*Hydraulics, *Mathematical studies, *Sediment 
transport, Flow velocity, Friction, Hydraulic fric- 
tion, Hydraulic resistance, Resistance, Uniform 
flow. 


The effect of sediments on hydraulic resistance 
was assessed by development of equations and 
application to three problems involving the simul- 
taneous fulfillment of performance conditions of a 
canal (1) in the case of a change in the average 
flow velocity with time, (2) with a staged change 
in the water discharge, and (3) with self-erosion. 
The results of calculations show that the presence 
of fine sediments (d < 0.05 mm) does not have a 
substantial effect on the losses of the total friction 
slope. Sediments with a diameter > or = 0.1 mm 
have the greatest effect on the slope of the flow. 
An increase in losses is explained physically by 
lagging of the solid particles behind the transport- 
ing fluid. One of the main problems in the design 
stage is the construction of a design scheme of the 
canal is that all main elements of the channel fall 
within established limits regarding the supply of 
water to be furnished during a given interval cor- 
responding to given regimes and conditions. Canal 
failures are manifested in disturbance of the stabili- 
ty of the channel as caused by siltation or erosion 
and in the hydraulic parameters of the channel 
exceeding the allowable limits. These equations 
allowed calculation of the reliability indexes of a 
canal at the design stage as well as calculation of 
increasing the operating reliability of canals. 
(Cassar-PTT) 

W90-10146 


DISSIPATION OF INCREASED TURBULENCE 
OF A FLOW IN A BOTTOM HYDRAULIC 
JUMP. 

A. F. Dmitriev, and N. N. Khlapuk. 
Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 390-395, January 1990. 5 fig, 1 tab, 12 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 24-27, July 1989. 


Descriptors: *Hydraulic jump, *Hydraulics, *Tur- 
bulent flow, Channel scour, Energy dissipation, 
Flow characteristics, Flow velocity, Flumes, 
sag number, Hydraulic engineering, Riprap, 
cour. 


Flume studies of flow regimes of a bottom hydrau- 
lic jump were conducted with strain-gage trans- 
ducers measuring the longitudinal, transverse, and 
vertical flow components. The minimum and maxi- 
mum values of the velocity instantaneous bottom 
velocity did not usually coincide in time, although 
at individual instants of time a comparatively sym- 
metric velocity field was observed, i.e., when the 
velocities were maximum at all three points or 
when the velocity was maximum along the axis 
near the flume walls. The longitudinal component 
of the maximum fluctuation bottom velocity in- 
creased with the Froude number. Dissipation of 
the increased flow turbulence was calculated, and 
it was determined that the length of necessary 
protection of the bottom was 10 to 12 times the 
depth of water at the end of the jump. To prevent 
the extension of the local scour pocket under the 
structure, it was suggested that a stone prism be 
constructed at the end of the protected section. 
The longitudinal and transverse maximum instanta- 
neous bottom velocity dictated the size of the stone 





in the riprap apron and in the stone prism. (Cassar- 


W90-10150 


CALCULATION OF THE LONGITUDINAL 
FLOW VELOCITY FIELD IN THE CROSS SEC- 
TION OF CYLINDRICAL CHANNELS. 

B. M. Nikolaev, and V. P. Troitskii. 
Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 400-405, January 1990. 3 fig, 1 tab,6 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 30-33, July 1989. 


Descriptors: *Canals, *Channel flow, *Flow veloc- 
ity, *Hydraulics, *Mathematical studies, Turbulent 
flow, Velocity. 


A simple, accurate method for computing the lon- 
gitudinal flow velocity field in a cross section of 
cylindrical channels was derived and compared 
with previous experimental data from pressurized 
air models of canals of a co-sinusoidal cross sec- 
tion, on shear stress distribution in canals with a 
variety of cross-sectional shapes, and on canals 
having an angle at the water line of 30 degrees and 
with 14 degrees. Calculation results are presented 
in the form of a nomogram for determining the 
form factor of the channel cross section. Isotachs 
were calculated for four experimental canals and 
for a stretch of the Pur River, all made of fine 
sand. Differences between measured and calculat- 
ed values did not exceed the limits of experimental 
accuracy. (Cassar- 

W90-10152 


DISPERSION RELATION FOR WAVES ON A 
CURRENT NONUNIFORM IN DEPTH. 

E. I. Mass, I. G. Kantarzhi, and I. L. Makarova. 
Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 405-410, January 1990. 2 fig, 1 tab, 10 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 33-35, July 1989. 


Descriptors: *Dispersion, *Hydraulics, *Mathe- 
matical studies, *Water currents, *Waves, Wind 
waves. 


Dispersion relations were obtained for gravity 
waves on currents of two types of the velocity 
profile for a finite depth of current. The first 
current velocity profile, characteristic of wind- 
driven currents and the problem of pneumatic 
breakwaters, was triangular and limited in depth. 
The second, important for problems of sediment 
transport by mixed flows, was logarithmic with 
bottom roughness. Possible applications of these 
equations include wind waves on flowing reser- 
voirs, wind waves on longshore currents in the 
coastal zone of the sea, wind waves for currents in 
river mouths or near spillways, wind waves on 
tidal currents, and wind and long waves in large 
streams. (Cassar- 

W90-10153 


MECHANOTRON TRANSDUCER OF TRANS- 
VERSE VELOCITY FLUCTUATIONS OF THE 
ONCOMING FLOW. 

N. A. Melekhova. 

Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 415-417, January 1990. 2 fig, 2 ref. Trans- 
lated from Gidrotekhnicheskoe Stroitel’stvo, No. 
7, p 39-40, July 1989. 


Descriptors: *Data acquisition, *Flow measure- 
ment, *Flow velocity, *Hydraulics, Instrumenta- 
tion, Measuring instruments, Mechanotron trans- 
ducer, Transducers. 


The mechanotron velocity transducer, used for 
flow measurements at small depths, was modified 
by making its elastic system in the form of a tube 
arranged coaxially to the longitudinal axis and 
rigidly and hermetically connected to the flange of 
the mechanotron and to the end of its pin. The 
receiving element was rigidly connected with the 
elastic tube and control pin. It was designed to be 
oriented with the tip toward the flow during meas- 
urement. Depending on the thickness and diameter 
of the elastic tube of the transducer being used, it 
was possible to change the range of frequencies of 


the velocity fluctuations being recorded and the 
magnitude of the maximum external pressure of the 
flow withstood by the transducer, and hence the 
depth of submergence into the flow. (Cassar-PTT) 
W90-10154 


FIELD MEASUREMENTS OF THE HYDRAU- 
LIC RESISTANCE OF SANITARY SEWERS. 
Alberta Univ., Edmonton. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 5D. 
W90-10234 


DEVICE FOR MEASURING FORCES IN A 
RUBBLE-MOUND BREAKWATER. 

Baird (W.F.) and Associates, Ottawa (Ontario). 
R. D. Scott, D. J. Turcke, and W. F. Baird. 
Canadian Journal of Civil Engineering CJCEB8, 
Vol. 16, No. 6, p886-894, December 1989, 13 fig, 1 
tab, 21 ref. 


Descriptors: *Breakwaters, *Hydraulic structures, 
*Instrumentation, *Measuring instruments, Hy- 
draulic models, Model studies, Wave action. 


An improved instrumentation scheme has been de- 
signed and tested for measuring the generalized 
forces occurring within armor units in a physical 
model of a breakwater subjected to wave action. 
The fundamental change is centered around the 
concept of a load cell. Compared with previous 
devices this unit has improved sensitivity, full pro- 
tection from all environmental influences, and a 
wider range of applicability. These improvements 
were substantiated by several test series of static 
loading under self-weight and static forces in an 
armor layer. The instrumentation was also evaluat- 
ed in a two-dimensional hydraulic flume. (Cres- 
koff-PTT) 

W90-10235 


8C. Hydraulic Machinery 


SNOWY MOUNTAINS REFURBISHMENT 
PROJECT. 

Snowy Mountains Engineering Corp., Cooma 
(Australia). 

C. Raine. 

International Water Power and Dam Construction 
— Vol. 42, No. 5, p 27-28, May 1990. 1 
ig. 


Descriptors: *Australia, *Electrical equipment, 
*Hydroelectric plants, Dams, Maintenance. 


Major construction work on the Snowy Mountains 
scheme in New South Wales ended with the com- 
missioning of the Tumut 3 power station in 1974. 
This event marked the completion of a construc- 
tion period which had begun 25 years earlier in 
1949, and included the building of seven power 
stations, one pumping station and 17 major dams. 
The scheme’s first electricity was generated at 
Guthega power station in 1955. In 1986-87, the 
need for a total review program for plant rehabili- 
tation was recognized and implemented. This led 
to the development of a long-term strategic main- 
tenance plan for the scheme. The study considered 
replacement planning, redevelopment issues, and 
outlined a tentative plan for major works to be 
carried out up to the year 2020. The priority short 
term issues identified related to the condition of 
plant in the scheme’s Upper Tumut region. The 
major component of the five year plan, to begin in 
1991, now includes work at the Upper Tumut 
switching station, and the plant at Tumut 1 and 
Tumut 2 power stations. The project implementa- 
tion will allow for the early rewinding of the 
generator stators. The studies mentioned previous- 
ly indicated this action should be taken as soon as 
possible. In addition to the work on the main 
generating machines, a complete station refurbish- 
ment program is also under way. This work is 
being scheduled such that the implementation will 
not adversely affect the work to be carried during 
the major outages required for the generating plant 
work. (Agostine-PTT) 

W90-09644 
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PRINCIPLES OF OPTIMIZATION OF THE 
DESIGN OF THE TURUKHAN HYDROELEC- 
TRIC STATION DEVELOPMENT. 

A. A. Belyakov, and A. A. Belyakov. 
Hydrotechnical Construction HYCOAR, Vol. 23, 
No. 7, p 418-432, January 1990. 7 fig, 2 tab, 9 ref. 
Translated from Gidrotekhnicheskoe Stroitel’stvo, 
No. 7, p 43-53, July 1989. 


Descriptors: *Hydraulic structures, *Hydroelectric 
plants, *Reservoirs, Dams, Design criteria, Elec- 
tric powerplants, Optimization, Powerplants, Tun- 
guska River, Turukhan hydroelectric plant, USSR. 


The proposed design of the Turukhan hydroelec- 
tric plant, planned for construction on the Lower 
Tunguska River in the Soviet Union, was publi- 
cized for the purpose of inviting comments and 
suggestions from the engineering community. 
Basic design criteria were as follows: installed ca- 
pacity, 20 million kW; energy production, 46 bil- 
lion kW/r/yr; reservoir capacity for normal runoff 
of 112 cu km/yr and NPL elevation of 200 m, 409 
cu km total and 101 cu km useful; earth dam of 
206-m crest elevation made watertight with a con- 
crete dam up to 101 m and asphaltic concrete 
cutoff walls above and upstream; two diversion 
tunnels; and two powerhouses. Some of the prob- 
lems and points of argument concerning the design 
and the site conditions include the presence of a 
large forested area, a long and severe winter, pro- 
nounced nonuniformity of runoff throughout the 
year (300 cu m/sec to tens of thousands of cu m/ 
sec, a costly and inefficient scheme for flow diver- 
sion during construction believed to cause erosion 
and destruction of structures, complex geological 
conditions for tunnel-driving, poor layout of 
powerhouses, failure to specify use of lean con- 
crete, construction time of 20 years, and lack of 
planning for initial filling of the reservoir. Several 
suggestions to optimize the design were presented: 
(1) a scheme for diversion of flow along the river 
channel which adapts to flow conditions, (2) elimi- 
nation of the diversion tunnels, (3) a two-row 
arrangement of units in the powerhouse and relo- 
cation to the natural river channel, (4) use of lean 
rollcrete, (5) use of artificial heated microclimates 
for concrete pouring, (6) a high rate of concreting 
(up to 3 million cu m/yr), and (7) filling of the 
reservoir during construction with minimum possi- 
ble discharges of water into the lower pool. Two 
variants of the development project were pro- 
posed: one with a concrete dam and one with the 
earth dam. (Cassar-PTT) 

W90-10155 


SUSITNA HYDROELECTRIC PROJECT SIMU- 
LATION OF RESERVOIR OPERATION. 

De Leuw, Cather and Co., Chicago, IL. 

For primary bibliographic entry see Field 4A. 
W90-10435 


SURVEY OF EXPERIENCE IN OPERATING 
HYDROELECTRIC PROJECTS IN COLD RE- 
GIONS. 

Harza/Ebasco, Anchorage, AK. Susitna Hydro- 
electric Project. 

For primary bibliographic entry see Field 4A. 
W90-10441 


HYDROLOGY AND HYDRAULIC STUDIES 
FOR LICENSING OF THE SUSITNA HYDRO- 
ELECTRIC PROJECT. 

Harza/Ebasco, Anchorage, AK. Susitna Hydro- 
electric Project. 

For primary bibliographic entry see Field 4A. 
W90-10442 


GLACIER-CLIMATE RESEARCH FOR PLAN- 
NING HYDROPOWER IN GREENLAND. 
Groenlands Geologiske Undersoegelse, Copenha- 
gen (Denmark). 

For primary bibliographic entry see Field 2C. 
W90-10487 
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FORECASTING THE EFFECTS ON RIVER ICE 
DUE TO THE PROPOSED SUSITNA HYDRO- 
ELECTRIC PROJECT. 

Harza Engineering Co., Chicago, IL. 

For primary bibliographic entry see Field 6G. 
W90-10495 


8D. Soil Mechanics 


QUANTITATIVE ASSESSMENT OF THE RELI- 
ABILITY OF DAMS. 

For primary bibliographic entry see Field 8A. 
W90-10145 


MONITORING AND MANAGEMENT OF THE 
CONSTRUCTION OF AN EARTH EMBANK- 
MENT BY MEANS OF A COMPUTER-BASED 
VARYING NUMERICAL MODEL. 

For primary bibliographic entry see Field 8A. 
W90-10147 


BRICK SEWER LIFE EXTENDED. 

Brown and Caldwell, Seattle, WA. 

For primary bibliographic entry see Field 5D. 
W90-10218 


8E. Rock Mechanics and 
Geology 


LITHOLOGY OF BASIN-FILL DEPOSITS IN 
THE ALBUQUERQUE-BELEN BASIN, NEW 
MEXICO. 

Geological Survey, Albuquerque, NM. Water Re- 
sources Div 

For primary bibliographic entry see Field 2F. 
W90-09905 
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RPFECTS Ss 1 OF AGGRESSIVE WATER ON DAM 
CONCR 


Gibb (Alexander) and Partners Lid.. 
(England). 

P. J. Mason. 

International Water Power and Dam Construction 
IWECDM, Vol. 42, No. 5, p 39-42, May 1990. 5 
ig, 19 ref. 


London 


Descriptors: *Concrete dams, *Dam construction, 
*Dam design, *Maintenance, *Reservoir design, 
*Reservoirs, *Water chemistry, Leaching. 


During the 1970s, the ICOLD Committee on De- 
terioration of Dams and Reservoirs carried out a 
detailed international survey to establish the prime 
causes of dam and/or reservoir deterioration. 
Their results were published in 1983 and indicated 
that 11% of all cases at concrete dams had in- 
curred some form of attack from the environment. 
Following these results, the ICOLD Committee on 
Materials for Concrete Dams commissioned a sepa- 
rate survey into the effects of aggressive environ- 
mental attack on dam concrete. The survey con- 
firmed that the prime cause of aggressive attack at 
dams is the reservoir water which the dams im- 
pound. Pure water passing through porous con- 
crete will leach the free lime (normally calcium 
hydroxide) from the cement paste. In the presence 
of carbon dioxide, this will convert to calcium 
carbonate and water, or in the presence of excess 
carbon dioxide it may convert one step further to 
calcium bicarbonate. Efflorescence occurs where 
the water containing the leached calcium com- 
pound reaches free air, either at exposed faces or 
within drainage systems. Eventually drainage sys- 
tems can become blocked, leading to unacceptably 
high internal uplift pressures within the body of 
the dam. In some cases the erosive capacity of pure 
water has been made worse by the inclusion of 
dissolved acids, which lower the pH of the water 
still further. More severe are the effects of acid 
rain. Sulfates resulting from acid rain can attack 
concrete either expansively or, in the case of mag- 
nesium sulfate, by dissolution. Probably the most 
common repair features a slender reinforced con- 


crete wall anchored directly to the face of the 
affected dam with some form of waterproofing 
membrane sandwiched between the two. More re- 
cently, repairs have been made using only epoxy or 
polymer membranes. In many cases, tensioned an- 
choring is a reasonable and economic solution. 
(Agostine-PTT) 

W90-09646 


REVIEW OF ROLLER COMPACTED CON- 
CRETE DAMS IN THE 1980S. 

Dunstan (Malcolm) and Associates, Newton Abbot 
(England). 

M. R. H. Dunstan. 

International Water Power and Dam Construction 
IWPCDM, Vol. 42, No. 5, p 43-45, May 1990. 5 
fig, 1 tab, 13 ref. 


Descriptors: *Concrete dams, *Dam construction, 
*Dam design, *Roller compacted dams, Dam foun- 
dations, Dam stability, Pozzolans. 


The 1980s was the decade during which roller 
compacted concrete (RCC) dam _ construction 
changed from being merely an idea to a fully 
accepted method of construction. RCC dams are 
classified into four main types: lean RCC, medium- 
paste RCC, high-paste RCC and RCD (roller com- 
pacted dam, Japanese technique). During 1989, 
there was a continuation of the trend of increasing 
the cementitious content (Portland cement and 
pozzolan). Of the ten RCC (and RCD) dams com- 
pleted in 1989, one was a medium-paste RCC dam, 
two were RCD dams, and seven were high-paste 
content RCC dams. A new category of RCC dam, 
the hardfill, is now being considered, although as 
yet only one small structure (in France) has been 
built. The speed of construction of RCC dams is 
one of their main advantages compare with other 
methods. RCC dams can be constructed at a rate 
of approximately 2 to 2.5 m vertical height per 
week. RCD dams are somewhat slower, the aver- 
age rate being slightly more than 1 m vertical 
height per week. It has been found that RCC dams 
are generally cheaper than other methods of con- 
struction. The majority of RCC dams use some 
form of pozzolan. Of these pozzolans, 84% have 
been low lime (Class F) flyash. With the increasing 
size oi RCC dams, there is a greater need for some 
form of pozzolan. Two dams are under construc- 
tion in which interesting pozzolans are being used: 
(1) At Capanda dam in Angola, a milled sand 
which completely passed the 150 microm sieve, is 
being used; and (2) at Platanovryssi dam very high 
proportion of a milled high-lime flyash is to be 
used. RCC dams can now be considered true re- 
placements for traditional immersion-vibrated con- 
crete dams of any reasonable height. Given a good 
foundation, RCC dams are also an economic alter- 
native to any other form of dam. RCC is thus now 
a proven method of construction for dams. (Agos- 
tine-PTT) 

W90-09647 


DESIGN AND CONSTRUCTION OF THE 
TASHKUMYR RCC DAM, USSR. 


For primary bibliographic entry see Field 8A. 
W90-09648 


UNDERWATER CONSTRUCTION WITH CON- 
CRETES (JAN 70 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-865836. 
Price codes: NO1 in paper copy, NO1 in microfiche. 


August 1989. 54p. 


Descriptors: *Bibliographies, *Concrete construc- 
tion, *Construction methods, Bridges, Caissons, 
Cements, Concrete mixes, Docks, Hydraulic struc- 
tures, Offshore platforms, Polymers, Tunnels. 


This bibliography contains citations concerning 
underwater construction using concretes. Caisson 
and Tremie methods of working with concrete 
underwater are described. Quantity of cement re- 
quired for good underwater concrete is examined. 
Applications of underwater concrete in tunnels, 
underwater foundations, bridges, offshore plat- 


forms, docks, and harbors are examined. Abrasion 
resistant concrete used for underwater structure 
repair, remote controlling hydroconcrete, crystal 
type polymer concrete for antiwashout applica- 
tions, and testing of underwater concrete are also 
discussed. (This new bibliography contains 140 
citations fully indexed with a title lists). (Author’s 
abstract) 

'W90-10040 


8G. Materials 


GEOTEXTILES (JAN 83 - SEP 89). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB90-850843. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
November 1989. 102p. 


Descriptors: *Bibliographies, *Geotextiles, *Hy- 
draulic structures, Drainage systems, Earthworks, 
Marketing, Road construction, Soil stabilization, 
Textiles, Water conservation. 


This bibliography contains citations concerning ap- 
plications of geotextiles in earthworks, water- 
works, and road construction projects. The uses of 
fabrics in soil stabilization, coastal protection, 
drainage systems, water conservation, and waste 
treatment operations are discussed. Development 
trends and market evaluations of textile materials 
for geological engineering applications are re- 
viewed. (This updated bibliography contains 305 
citations, 81 of which are new entries to the previ- 
ous edition). (Author’s abstract) 

W90-10033 


LINERS FOR WASTE DISPOSAL AND WASTE 
STORAGE FACILITIES (JAN 76 - APR 89). 
National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field SE. 
W90- 10067 


DEVICE FOR MEASURING FORCES IN A 
RUBBLE-MOUND BREAKWATER. 

Baird (W.F.) and Associates, Ottawa (Ontario). 
For primary bibliographic entry see Field 8B. 
W90-10235 


8H. Rapid Excavation 


DREDGING: TECHNOLOGY AND ENVIRON- 
MENTAL ASPECTS (JAN 78 - DEC 88). 

National Technical Information Service, Spring- 
field, VA. 

Available from the National Technical Information 
Service, Springfield, VA 22161, as PB89-854137. 
Price codes: NO1 in paper copy, NO1 in microfiche. 
January 1989. 175p. 


Descriptors: *Bibliographies, *Dredging, *Dredg- 
ing wastes, *Waste disposal, *Water pollution ef- 
fects, *Water pollution sources, Environmental ef- 
fects, Hydraulic equipment, Ocean dumping, Path 
of pollutants. 


This bibliography contains citations concerning the 
technology and environmental impacts of dredg- 
ing. Equipment, including semi-submersible cutter 
platforms, is described. Sediment movement, fac- 
tors affecting sediment movement, and the disposal 
of dredged material, are discussed, and computer 
models predicting the fate of the dredged materials 
are considered. The environmental impacts of the 
dredged areas and the effects of ocean dumping of 
dredged materials are also discussed. (This updated 
bibliography contains 330 citations, 35 of which 
are new entries to the previous edition). (Author’s 
abstract) 

W90-10044 





8I. Fisheries Engineering 


COMPLIANCE WITH INSTREAM FLOW 

AGREEMENTS IN COLORADO, MONTANA, 

AND WYOMING. 

Wyoming Cooperative Fishery and Wildlife Re- 

search Unit, Laramie. 

For my bibliographic entry see Field 6E. 
W90-09 


FORTH ESTUARY: A NURSERY AND OVER- 
WINTERING AREA FOR NORTH SEA 
FISHES, 

Forth River Purification Board, Queensferry 
(Scotland). Tidal Waters Lab. 

M. Elliot, M. G. O’Reilly, and C. J. L. Taylor. 
Hydrobiologia HYDRB8, Vol. 195, p 89-103, 
April 30, 1990. 11 fig, 3 tab, 32 ref. 


Descriptors: *Fish populations, *Forth Estuary, 
*Intakes, *Land reclamation, *Marine fisheries, 
*Scotland, Cod, Flatfish, Herring, North Sea, 
Plaice, Seasonal variation, Sprat, Water pollution 
effects, Whiting. 


The fish community of the Forth estuary, Scot- 
land, has several components--estuarine resident 
species, diadromus migratory species, marine spe- 
cies with seasonal migrations. The population 
changes during the period 1981-88 of the two 
migratory categories were monitored for juvenile 
gadoids, whiting (Merlangius merlangus) and cod 
(Gadus morhua); juvenile flatfish, plaice (pleuron- 
ectes platessa) and common dab (Limanda li- 
manda); and the adult clupeids, sprat (Sprattus 
sprattus) and herring (Clupea harengus). A strong 
seasonal pattern was observed for dab, sprat, her- 
ring and to a lesser extent, whiting. In particular, 
they show the high estuarine, winter dependence 
of the marine fishes. During the period October, 
1981 to April 1988, the abundances of sprat, her- 
ring, dab and whiting were strongly intercorrelat- 
ed indicating their similarly high winter usage of 
the estuary. The Forth, in common with many 
estuaries, supports over wintering populations and 
juveniles of marine species which are an important 
part of the estuarine fish community. The Forth 
supports approximately 0.5% of the North Sea 
stocks of certain sizes-classes of some commercial- 
ly important species. The estuarine dependence of 
the marine species can result in them being ex- 
posed to several threats. These include the loss of 
habitat and feeding areas (following reclamation or 
through poor water quality), increased mortality as 
part of a by-catch or from industrial abstraction 
intakes or the uptake of persistent contaminants. 
(White-Reimer-PTT) 

W90-09689 


USE OF INSTREAM HABITAT IMPROVE- 
MENT METHODOLOGY IN MITIGATING 
THE ADVERSE EFFECTS OF RIVER REGULA- 
TION ON FISHERIES. 

Waikato Univ., Hamilton (New Zealand). Dept. of 
Biological Sciences. 

S. Swales. 

IN: Alternatives in Regulated River Management. 
CRC Press, Inc., Boca Raton, Florida. 1989. p 185- 
208, 6 fig, 61 pl, 82 ref. 


Descriptors: *Habitat restoration, *Instream flow, 
*Regulated flow, *River fisheries, *River manage- 
ment, Aquatic habitats, Dams, Design criteria, Fish 
migration, Hydraulic engineering, Mitigation, 


Shading, Water depth. 


Numerous studies conducted over the past two 
decades have documented marked reductions in 
the abundance and diversity of fish populations as 
a direct result of the loss and degradation of in- 
stream habitat due to river regulation. Stream habi- 
tat improvement methodology is reviewed; the 
main techniques available are described; and the 
actual and potential uses of improvement method- 
ology in mitigating the adverse effects of river 
regulation fisheries are described. Effects of chan- 
nelization include decreased habitat diversity, loss 
of cover, removal of the pool-riffle pattern, loss 
aquatic vegetation, and alterations in discharge and 
water quality. Impoundments create a barrier to 


fish movement, and downstream discharges change 
flow regimes and water quality. The basic concept 
behind mitigation using instream habitat improve- 
ment devices is that the natural adjustment process 
can be considerably accelerated by artificially ma- 
nipulating stream characteristics to improve habi- 
tat conditions for fish and other biological commu- 
nities. River fisheries can be improved by address- 
ing five basic components of fish habitat: (1) ade- 
quate value and depth of water for each life stage; 
(2) adequate water quality; (3) appropriate dis- 
charge amount and pattern; (4) cover for shade, 
concealment, and orientation; and (5) adequate 
food to maintain metabolic processes, growth, and 
reproduction. Various mitigation techniques are 
employed depending on whether the habitat loss is 
due to channelization or impoundment. Three 
major categories of improvement structures are 
recognized: structures that impound to modify 
stream flow, structures that provide cover, and 
structures or treatments that modify the channel 
substrate. For the instream habitat improvement 
methodology to be acceptable to river engineers, 
the techniques employed should aim to improve 
conditions for fish and other aquatic communities 
without severely compromising the engineering 
objectives of the river regulation scheme. It should 
be possible to compensate for the effects of im- 
provement structures that are counter to those of 
the river regulation scheme by allowing for their 
installation at the design stage as an integral part of 
the river regulation scheme. (See also W90-09997) 


(Rochester-PTT) 
W90- 10004 


FLOODPLAIN FISHERIES MANAGEMENT, 
Food and Agriculture Organization of the United 
Nations, Rome (Italy). Fishery Resources and En- 
vironment Div. 

For a bibliographic entry see Field 4A. 


ALTERNATIVE APPROACHES IN PREDICT- 
ING TROUT POPULATIONS FROM HABITAT 
IN STREAMS. 

Ontario Ministry of Natural Resources, Picton. 
Lake Ontario Fisheries Unit. 

J. N. Bowlby, and J. G. Imhof. 

IN: Alternatives in Regulated River Management. 
CRC Press, Inc., Boca Raton, Florida. 1989. p 317- 
330, 6 fig, 5 tab, 26 ref. 


Descriptors: *Aquatic habitats, *Ontario, *River 
fisheries, *River management, Benthos, Biomass, 
Comparison studies, Habitat Quality Index, Mathe- 
matical analysis, Ontario Trout Habitat Classifica- 
tion, Prediction, Temperature, Water quality. 


Trout modeling attempts have led to the develop- 
ment of the Ontario Trout Habitat Classification 
(OTHC), which is a model developed using dis- 
criminant function analyses to relate trout habitat 
variables to broad categories of trout biomass den- 
sity. Here two models used to predict trout bio- 
mass density, the Habitat Quality Index (HQI) 
developed by Binns and Eiserman and the OTHC 
are examined, including their problems, and im- 
| gp are proposed. In the development of 

C, variables with some nonlinearity per- 
pi better in discriminant function models than 
regression models. Where trout populations are 
stable, higher precision in prediction might be ob- 
tained and a regression model would be preferable. 
Otherwise, a discriminant function model might 
provide as much precision as a regression model. 
The selected variables should represent limiting 
habitat factors. The variables used in HQI (late 
summer flow index, annual flow variation, maxi- 
mum summer temperature, nitrate, benthic inverte- 
brate diversity, eroding banks, submerged aquatic 
vegetation, water velocity, and stream width) and 
OTHC (ATP concentration of suspended solids, 
mean July and August maximum weekly tempera- 
ture, biomass of benthos, log shelter, undercut 
bank shelter, and pool area) are good candidates. 
However, care must be taken to avoid highly 
correlated, redundant variables. Different life 
stages of fish have different requirements. Accord- 
ingly, a simple regression or discriminant function 
model cannot be expected to provide a resource 
manager with a complete set of predictions re- 
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quired to manage fish habitat. An alternative ap- 
proach may be to develop multistage models that 
are interdependent. Habitat could then be managed 
to optimize survival of the most critical life history 
stage. (See also W90-09997) (Rochester-PTT) 
W90-10010 


INFLUENCE OF ENDANGERED FISH PRO- 
TECTION ON WATER DEVELOPMENT 
PROJECTS IN THE UPPER COLORADO 
RIVER SYSTEM. 

Bureau of Land Management, Salt Lake City, UT. 
Utah State Office. 

For primary bibliographic entry see Field 6D. 
W90-10076 


RECOMMENDATION OF FLUSHING FLOWS 
FOR MAINTENANCE OF SALMONID 
SPAWNING GRAVELS IN A STEEP, REGU- 
LATED STREAM. 

EA Engineering, Science, and Technology, Inc., 
Lafayette, CA. 

D. W. Reiser, M. P. Ramey, and T. R. Lambert. 
IN: Water Resources Related to Mining and 
Energy-Preparing for the Future. Proceedings of 
the Symposium. American Water Resources Asso- 
ciation, Bethesda, Maryland. 1987. p 271-280. 4 fig, 
8 ref. 


Descriptors: *Bed load, ‘*California, *Flow 
models, *Flushing, *Instream flow, *Regulated 
flow, *Sedimentation, *Stream discharge, *Stream 
fisheries, *Streamflow depletion, Cobble, Deposi- 
tion, Gravel, Mountain streams, Sampling, Sierra 
Nevada Mountains. 


Flow regulation in streams can result in sediment 
deposition and accumulation problems. The move- 
ment of sediments in a stream is dependent on two 
factors: (1) the availability of sediment in the drain- 
age, and (2) the sediment transport rates. Most 
water developments tend to reduce or eliminate 
the natural peak flows of the stream, and sediment 
tends to In lated stream systems 
an important solution to this problem exists via the 
programmed release of a predetermined discharge 
for a given duration. Such flows are termed chan- 
nel maintenance or flushing flows. In steep, regu- 
lated streams of the Sierra Nevada in California, 
existing fish populations are sensitive to any water 
quality degradation. To facilitate data collection, a 
two-point-arc procedure was developed. Two sep- 
arate anchor points were established for the attach- 
ment of a standard, plastic measuring tape. Dis- 
crete measurements of depth and velocity were 
then made by positioning the rod at various points 
on the tape, all the while keeping the tape tight. 
Three separate sets of measurements were taken 
corresponding to three different flows ranging 
from 60 to 400 cfs. The collection of data at 
several flows provided for development of a pre- 
dictive flow model for deriving recommended 
flushing flows. Four critical levels of bed mobiliza- 
tions were considered for the evaluation of the 
flushing flow. These were surficial flushing of 
gravels, mobilization of gravels, surficial flushing 
of cobbles, and mobilization of cobbles. A depth- 
discharge curve and a velocity-discharge curve 
were determined, based on Manning’s equation as 
applied to a wide rectangular channel. From the 
results of the study, a flow of 2000 cfs was recom- 
mended as the flushing flow for the North Fork of 
the Feather River, in California. (See also W90- 
10068) (Brunone-PTT) 

W90- 10085 





RECOMMENDATION AND EVALUATION OF 
A MITIGATIVE FLUSHING FLOW REGIME 
BELOW A HIGH MOUNTAIN DIVERSION. 
Wyoming Water Research Center, Laramie. 

For primary bibliographic entry see Field 4A. 
W90- 10086 


GROWTH, BIOMASS, MORTALITY, PRODUC- 
TION AND POTENTIAL YIELD OF THE 
WEST AFRICAN CLAM, EGERIA RADIATA 
(LAMARCK) (LAMELLIBRANCHIA, DONACI- 





Field 8—ENGINEERING WORKS 


Group 8I—Fisheries Engineering 


DAE) IN 
NIGERA. 
Cross River State Univ., Uyo (Nigeria). Dept. of 
Zoology and Fisheries. 

For primary bibliographic entry see Field 2H. 
W90-10268 


THE CROSS RIVER SYSTEM, 


INTERRELATIONSHIPS OF RACES OF LAKE 
SEVAN TROUT, SALMO ISCHCHAN, BEFORE 
AND AFTER REGULATION OF THE DIS- 


CHARGE OF THE LAKE (AS INDICATED BY 

MORPHOMETRIC CHARACTERS). 

Biological Faculty, Moscow University, Moscow, 
SR 


K. A. Savvaitova, V. G. Markaryan, and E. A. 
Dorofeeva. 

Journal of Ichthyology JITHAZ, Vol. 29, No. 6, p 
9-15, 1989. 2 fig, 4 tab, 19 ref. 


Descriptors: *Fish populations, *Lake Sevan, 
*Lake fisheries, *Lakes, *Population dynamics, 
*Regulated flow, *Trout, Morphometrics, Phenet- 
ics, Soviet Union. 


The differences between races of the Lake Sevan 
trout, Salmo ischchan, and changes in their interre- 
lationships before and after regulation of the dis- 
charge of Lake Sevan were evaluated on the basis 
of diagnostic morphometric indicators. The fol- 
lowing was established: once an abrupt change has 
occurred in the conditions of existence, differences 
between the races with respect to individual char- 
acters are not reversed. The phenetic relations of 
the races with respect to a set of characters 
changed in the course of the period covered by the 
research. The gegarkuni and the summer ischchan 
have recently become more similar, and the bodz- 
hak has remained the most divergent of all the 
races. As a species, the ischchan remains a dynam- 
ic polymorphic system of groupings, differing in 
their degree of segregation and interconnection. 
The present situation in Lake Sevan is conducive 
to the further segregation of the races. (Author’s 
abstract) 

W90-10299 


9. MANPOWER, GRANTS 
AND FACILITIES 


9C. Research Facilities 


WATER-RESOURCES ACTIVITIES, SOUTH 
CAROLINA DISTRICT, 1987-88. 

Geological Survey, Columbia, SC. Water Re- 
sources Div. 

W. J. Stringfield. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-248, 1989. 59p, 8fig, 2 tab. 


Descriptors: *Data acquisition, *Data collections, 
*Hydrologic data, *Projects, *South Carolina, 
*Water resources data, Bibliographics, Funding, 
Information sources, Publication sources. 


The South Carolina District, of the U.S. Geologi- 
cal Survey’s Water Resources Division, conducts 
data collection and interpretative investigations of 
the water resources of South Carolina. These stud- 
ies address water-resource related problems in 
South Carolina that are of National, State, and 
local interest. This report provides information on 
investigations in progress in the District during 
fiscal years 1987-88. The bibliography lists the 
publications that have been written as a result of 
South Carolina District studies and studies pertain- 
ing to South Carolina that were conducted in other 


offices of the U.S. Geological Survey. (USGS) 
W90-09515 


9D. Grants, Contracts, and 
Research Act Allotments 


FISCAL YEAR 1988 REPORT (MONTANA 
WATER RESOURCES CENTER). 

Montana State Univ., Bozeman. Water Resources 
Research Center. 


H. S. Peavy. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-150517/ 
AS. Price codes: A03 in paper copy, AO] in micro- 
fiche. Report no. G1573-01, July 1989. 3lp. USGS 
Contract 14-08-0001-G1573; USGS Project G1573- 
01. 


Descriptors: *Information transfer, *Montana, 
*Research, *Training, *Water research institutes, 
Education, Projects. 


The program summarized in this report included 
research that concluded the following: (1) phyto- 
plankton biomass in Flathead Lake is not sensitive 
to reduction in zooplankton populations resulting 
from the introduction of Mysis relicta; (2) metals 
from tailings incorporated in floodplain deposits 
migrate to the surface where they are concentrated 
in a ‘crust’ as the water evaporates. Subsequent 
rainfall dissolves these metals in a low pH solution 
and transport them into the stream. A ‘pollution 
potential index’ relating the concentrations of 
metals in alluvial soils to water quality was devel- 
oped; (3) the level of recreational use of streams 
appears to be positively and significantly correlat- 
ed to the level of instream flow. Effort is continu- 
ing to establish the economic value of recreational 
use; (4) streambank erosion and cattle use of seeps 
and bogs immediately adjacent to the stream are 
the principle sources of instream sediment loads 
from range lands. Most sediment produced in 
upland areas is intercepted by well-vegetated ripar- 
ian zones; (5) addition of limiting inorganic nutri- 
ents (specially, ammonia nitrogen) to slurries of 
soil organisms from a hazardous waste site resulted 
in increased microbial growth, enhanced degrada- 
tion of pentachlorophenol, and significant shifts in 
dominant microorganism types; (6) porous cup ly- 
simeters used to extract liquid samples to test for 
movement of pollutants through unsaturated soils 
may provide ion exchange sites that alter the 
movement of certain pollutants relative to ground- 
water; (7) in addition to the above research, the 
program included information transfer and educa- 
tional components to increase the awareness and 
knowledge of the water user/manager community 
and general public. (USGS) 

W90-09517 


FISCAL YEAR PROGRAM REPORT (CON- 
NECTICUT INSTITUTE OF WATER RE- 
SOURCES). 
Connecticut Univ., 
sources. 

D. R. Miller. 
Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165135/ 
AS. Price codes: A03 in paper copy, AQ1 in micro- 
fiche. Report no. G1552-01, October 1989. 29p. 
USGS Contract 14-08-0001-G1552; USGS Project 
G1552-01. 


Storrs. Inst. of Water Re- 


Descriptors: *Connecticut, *Information transfer, 
*Research, *Training, *Water research institutes, 
Education, Projects. 


Connecticut’s Institute of Water Resources 1988-89 
research and information transfer projects focused 
on water quality management and protection and 
water law. Funded research projects included: (1) 
liability for groundwater contamination in Connec- 
tion: economic incentive and distributional effects; 
(2) assessment of the role of atrazine and its degra- 
dation products in soil and water contamination; 
(3) manipulating diatoms responsible for blooms in 
reservoirs; and (4) biomonitoring of water quality 
as determined by viability of fish egg development 
with confirmation by fish and mammalian cells 
grown in vitro. Information transfer conference 
and seminar topics included: wellhead/aquifer pro- 
tection, metal recovery from wastewater, and 
groundwater. (USGS) 


FISCAL YEAR 1988 PROGRAM REPORT 
(OHIO WATER RESOURCES CENTER). 

Ohio State Univ., Columbus. Water Resources 
Center. 

R. C. Stiefel. 

Available from National Technical Information 


Service, Springfield, VA 22161 as PB90-165143/ 
AS. Price codes: A03 in paper copy, AOI in micro- 
fiche. USGS Contract 14-08-0001-G1607; USGS 
Project G1607-01. 


Descriptors: *Information transfer, *Ohio, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


Water is one of Ohio’s most important natural 
resources, and the State has an adequate supply to 
meet its immediate needs. Most of Ohio’s water 
problems are associated with water quality. Of 
primary concern are the sediments, nutrients and 
acids in the surface waters from urban, agricultural 
and mining areas, and the toxic and hazardous 
wastes that threaten the ground and surface 
waters. The focus of the 1988 State Water Re- 
search Program was directed at some of these 
needs. One project explored the design criteria for 
an innovative two-stage fluidized bed bioreactor in 
which three major processes of cell immobiliza- 
tion, biodegradation, and biofilm control were 
combined in a single unit. This wastewater treat- 
ment process is felt to be a substantial evolution in 
the operational technology of bioreactor design 
and the successful completion of this project could 
result in the development of an innovative, reliable 
and considerably less costly wastewater treatment 
system. Another project’s research was a coopera- 
tive effort with OEPA, ODNR and the Nature 
Conservancy in examining and assessing the poten- 
tial institutional and legal management on nonpoint 
sources of pollution. One project explored the 
potential impacts that interactions and reactions 
between herbicides and existing humic materials 
have on the fate and transport of herbicides as they 
move through the soils toward the groundwater 
table. Training was provided to ten students en- 
rolled in seven disciplines in two universities in 
Ohio. (USGS 

W90-09519 


FISCAL YEAR 1988 PROGRAM REPORT (DIS- 
TRICT OF COLUMBIA WATER RESOURCES 
RESEARCH CENTER). 

District of Columbia Univ., Washington. Water 
Resources Research Center. 

M. H. Watt. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165150/ 
AS. Price codes: A03 in paper copy, AO1 in micro- 
fiche. USGS Contract 14-08-0001-G1554; USGS 
Project G1554-01. 


Descriptors: *District of Columbia, *Research, 
*Technology transfer, *Water research institutes, 
Education, Projects. 


This FY 1988 Institute Final Program Report de- 
scribes the completed and continuing projects that 
the DC WRRC conducted between August 1, 1988 
and July 31, 1989. The Anacostia River is stili the 
major focus of the Center’s activities. The 3 first 
projects deal exclusively with the Anacostia River 
Water Quality. They are: ‘The Anacostia River: 
Ecological Study of River Pollution Biology’; ‘The 
Impact of Erosion and Sedimentation on the Water 
Quality of the Estuarine Portion of the Anacostia 
River’; ‘Anacostia River Sedimentation Toxicity: 
Localization, Accumulation, and Characterization’. 
They are concerned with the Anacostia River, 
which is a tributary of the Potomac River. The 
project entitled ‘Speciation of Tributyltin Com- 
pounds in Water and Sediments using Mossbauer 
Spectroscopy’ addresses the fundamental issue of 
the development of a methodology for the meas- 
urement and the future use of Tributyltin Com- 
pounds. The project ‘An Ion Chromatography 
(IC) Field Method for the Determination of Dis- 
solved Metals Introduced into Municipal Water as 
a Result of Deterioration of Water Distribution 
Lines’ focuses on lead, cadmium, and zinc, which 
are among the metals released into water when 
distribution lines deteriorate. The Technology 
Transfer/Public Education Program accomplish- 
ments include 4 seminars, 2 symposia, 2 exhibits, 
public tours, and publication of a quarterly news- 
letter. (USGS) 

W90-09520 





FISCAL YEAR 1988 PROGRAM REPORT 
ENVIRONMENTAL STUDIES 
CENTER). 


Maine Univ. at Orono. Environmental Studies 
Center. 

G. K. White. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165168/ 
AS. Price codes: A03 in paper copy, AO1 in micro- 
fiche. USGS Contract 14-08-0001-G1566; USGS 
Project G1566-01. 


Descriptors: *Information transfer, *Maine, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


‘Maine Peatlands: Inventory, Ecology, and Eval- 
uation for Preservation’ led to a system of classify- 
ing peatland bogs and fens based upon a range of 
biologic, geomorphic, and geochemical conditions. 
A detailed analysis of 15 eccentric bogs was under- 
taken with that methodology, to rank each site 
according to its unique or exemplary characteris- 
tics. In ‘Responses of Stream Macroinvertebrates 
to Controlled Sediment Addition,’ researchers 
monitored responses of selected macroinverte- 
brates to the addition of pre-measured inorganic 
solids in an attempt to define detrimental effects of 
sedimentation caused by logging activity in forest- 
ed watersheds. Standing stock of caddisflies, stone- 
flies, chironomids, and black flies decreased fol- 
lowing soil applications; drift of Diptera and Ephe- 
meroptera increased. Data from ‘The Effectiveness 
of Buffer Strips to Protect Water Quality’ indicat- 
ed that residential runoff is relatively high in P and 
suspended solids, especially during construction of 
housing developments. Because buffer strips vary 
in effectiveness depending on topography and 
other factors, proposed sites must be inspected 
prior to buffer design (to insure correct match 
between site and buffer). If a proposed develop- 
ment site has exposed soil, severe channelization, 
or some other negative attribute(s), then mitigating 
measures such as planting appropriate vegetative 
cover should be required if development is to be 
allowed. ‘Information Transfer in Water Resources 
Management’ emphasized public policy education; 
issues covered through publications and other ac- 
tivities included chemical threats to inland waters, 
land use planning, information management, and 
water treatment technology. (USGS) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(PENNSYLVANIA CENTER FOR WATER RE- 
SOURCES RESEARCH). 

Pennsylvania State Univ., University Park. Envi- 
ronmental Resources Research Inst. 

A. J. McDonnell. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-165176/ 
AS. Price codes: A03 in paper copy, A04 in micro- 
fiche. Program Report G1610-01 (ER 8906), 
August 1989. 28p. USGS Contract 14-08-0001- 
G1610; USGS Project G1610-01. 


Descriptors: *Information transfer, *Pennsylvania, 
*Research, *Training, *Water research institutes, 
Education, Projects. 


Three projects and a program of technology trans- 
fer were conducted under the Fiscal Year 1988 
State Water Resources Research Grants Program 
(PL98-242, Sect. 104). In a completed study fo- 
cused on the protection of water supplies, mature 
slow sand filters were found to remove 100% of 
Cryptosporidium and Giardia cysts. Diatomaceous 
earth filters proved to be equally effective achiev- 
ing removal efficiencies of 95% and 100% for 
these organisms respectively. The supplemental 
use of alum or polymers enhanced removals of 
coliforms, turbidity and particulates less than 3 
microns in size. Unit costs of several filtration 
alternatives are presented. A site specific study 
examined the behavior of sedimentary iron and 
manganese in an acid mine drainage wetland 
system. It was speculated that an adequate source 
of decomposable organic substrates in the anoxic 
zone would enhance the formation of iron sulfides 
and provide a permanent sink for long-term metals 
retention. A study was initiated to link a compre- 
hensive non-point source model, AGNPS with 
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current GIS technology to enhance the model’s 
utility for evaluating regional water quality prob- 
lems related to non-point source agricultural pollu- 
tion. Technology transfer efforts emphasized edu- 
cational programs for rural groundwater users on 
the subjects of proper well construction to mini- 
mize contamination, land use impacts to ground- 
water quality and the status of the groundwater 
resource in Pennsylvania. (USGS) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(VIRGIN ISLANDS WATER RESOURCES RE- 
SEARCH CENTER). 

Caribbean Research Inst., St. Thomas, VI. Water 
Resources Research Center. 

J. Hari Krishna. 

Available from National Technical Information 
Service, Springfield, VA 22161, as PB90-165184/ 
AS. Price codes: A03 in paper copy, AOI in micro- 
fiche. Program Report G1595-01, November 1989. 
20p. USGS Contract 14-08-0001-G1595; USGS 
Project G1595-01. 


Descriptors: *Information transfer, *Research, 
*Training, *Virgin Islands (US), *Water resources 
Institutes, Education, Projects. 


Maintaining good water quality in the Virgin Is- 
lands is important for the health of both residents 
and tourists. Since tourism is a major element of 
the Virginia Islands economy, a ten-month project 
was conducted to evaluate the water quality in 
hotels and guest houses (inns). Another project 
was conducted to build a predictive model for 
rainfall characteristics in the Virgin Islands. Re- 
sults from this project can be used to make recom- 
mendations for urban and rural water supply and 
use. The Virgin Islands Water Resources Confer- 
ence was organized on St. Thomas and St. Croix. 
Several water-related issues were discussed by a 
dozen speakers. Water conservation and water 
quality information from more than 50 exhibitors/ 
companies was displayed for the benefit of the 
community. The water center participated in two 
fairs to provide water-related information and pub- 
lications to the local community. (USGS) 


FISCAL YEAR 1988 PROGRAM REPORT (WIS- 
CONSIN WATER RESOURCES CENTER). 
Wisconsin Univ.-Madison. Water Resources 
Center. 

G. Chesters. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-149055/ 
AS. Price codes: A03 in paper copy, AO1 in micro- 
fiche. USGS Contract 14-08-0001-G1599; USGS 
Project G1599-01. 


Descriptors: *Information transfer, *Research, 
*Training, *Water research institutes, *Wisconsin, 
Education, Projects. 


The FY 1988 Wisconsin Water Resources Center’s 
program consisted of the Director’s office pro- 
gram, three research projects and an information 
dissemination/technology transfer program. As in 
recent years the program has focused on ground- 
water quality research, which has been deemed a 
priority item nationally, regionally, and at state and 
local levels. Also addressed is the issue of the 
impacts of surface water pollution abatement pro- 
grams on groundwater quality. With the new em- 
phasize on nonpoint pollution in the Clean Water 
Act, evaluating the roles of federal, state and local 
governments in implementing abatement programs 
is a national priority. The Water Resources Refer- 
ence Services continued to maintain and expand its 
collection. During FY 1988 the collection grew to 
more than 19,000 cataloged technical reports, 
about 8,500 cataloged reprints and 5,500 uncata- 
loged reports on microfiche. The Water Resources 
Center continued to provide training and practical 
experience for undergraduate and graduate stu- 
dents. (USGS) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(WEST VIRGINIA WATER RESEARCH INSTI- 
TUTE). 


West Virginia Univ., Morgantown. Water Re- 
search Inst. 

C. R. Jenkins. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-178336/ 
AS. Price codes: A03 in paper copy, A01 in micro- 
fiche. Program Report G-1598-01, June 1989. 28p. 
USGS Contract 14-08-0001-G1598; USGS Project 
G1598-01. 


Descriptors: *Information transfer, *Research, 
*Training, *Water research institutes, *West Vir- 
ginia, Education, Projects. 


The West Virginia Water Research Institute Pro- 
gram for 1988 was planned in collaboration with 
state and federal agencies. Six research projects 
supported 13 students. Waldron, White, and 
Rankin identified three hot spots of mutagenic 
activity resulting from sediments taken from the 
Kanawha River. Compounds involved and poten- 
tial health hazards are being addressed. Bissonnette 
investigated techniques to enhance detection of 
coliforms in rural, untreated groundwater supplies. 
Reduced oxygen concentrations eliminated some 
non-coliforms but total coliform recovery was sig- 
nificantly reduced. Cell shrinkage apparently oc- 
curred in groundwater samples allowing coliforms 
to pass through 0.45 m filters. Kite studied debris 
flows from 1985 and previous periods. Recurrence 
is confirmed by historic debris flow sites that show 
evidence of prehistoric debris flows. Gradients 
greater than 40% at the heads of hollows appear 
necessary for the development of debris flows. 
Sack and Dix have replaced conventional media 
used in tertiary filters serving extended aeration 
wastewater treatment plants with screened and 
unscreened bottom ash. Both alternative materials 
can provide satisfactory treatment with cost sav- 
ings up to 90%. Gidley has developed a system 
that produces a design minimizing total life cycle 
cost of a sewer system. A combination of gravity 
and pressure service connections can be 10-20% 
less costly than a conventional gravity system. 
Bowders and Sencindiver have found that phos- 
phatic clays applied to surface mine refuse effec- 
tively reduces acid mine drainage problems. When 
applied dry the material can reduce seepage as 
much as 97%. Concentrations of heavy metals and 
acidity may be reduced as much as 95 to 99%. 
(Jenkins-WV Univ., WRI) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(OREGON WATER RESOURCES RESEARCH 
INSTITUTE). 

Oregon State Univ., Corvallis. Water Resources 
Research Inst. 

B. P. Warkentin. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-178344/ 
AS. Price codes: A03 in paper copy, AOI in micro- 
fiche. Program Report G1609-01, August 1989. 
34p, 1 fig, 2 tab. USGS Contract 14-08-0001- 
G1609; USGS Project G1609-01. 


Descriptors: *Information transfer, *Oregon, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


The FY 1988 Oregon Water Resources Research 
Institute program included five research projects 
addressing critical water problems in Oregon. Two 
projects advanced the ability to predict suitable 
habitat for fish from landscape and stream features: 
project 02, Riparian and Geomorphic Regulation 
of Abundance and Distribution of Salmonids in 
Pacific Northwest Streams, and project 03, Cumu- 
lative Impact of Riparian Cover on the Thermal 
Loading, Trophic Processes, and Juvenile Steel- 
head Trout in Small Streams of the John Day 
Basin. Project 04, Effect of Riparian Vegetation on 
Groundwater Hydrology and the Annual Hydro- 
graph of Rangeland Streams, determined the flow 
parameters and the reasons for increased flow in 
streams where riparian vegetation was protected. 
Some background information was developed on 
water markets in Oregon, a question of increasing 
interest and diversity of opinion, in Project 05, The 
Workability of Water Markets: Economic and 
Legal Alternatives and Consequences. Important 
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information was obtained on characteristics of 
river use for whitewater recreation and attitudes of 
users in project 07, Analysis of Whitewater Recre- 
ation on the Clackamas River, with Application 
for a Regional Model of River Recreation. Sum- 
maries of these projects and their principal re- 
search findings are presented. The FY 1988 
Oregon WRRI program also included education 
and training activities for 47 graduate students and 
15 undergraduate students from across campus in 
WRRI seminars plus five graduate students in re- 
search training on WRRI projects. Information 
transfer activities through answering telephone and 
mail inquiries, presenting information at meetings 
with water managers, and participation in meetings 
with water management agency personnel were an 
important part of the WRRI program. (Warkentin- 
OR St. Univ., WRRD 

W90-09548 


FISCAL YEAR 1988 PROGRAM REPORT 
(OWA STATE WATER RESOURCES RE- 
SEARCH INSTITUTE). 

Iowa State Water Resources Research Inst., Ames. 
T. A. Austin. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-179078/ 
AS. Price codes: A04 in paper copy, AO1 in micro- 
fiche. Report No. G-1562-01, 1990. 49p. USGS 
Contract 14-08-0001-G-1562; USGS Project G- 
1562-01. 


Descriptors: *Information transfer, *Iowa, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


The Iowa State Water Resources Research Insti- 
tute FY 1988 research program (University of 
Iowa and Iowa State University) was funded by 
the Department of the Interior, U.S. Geological 
Survey. The research program was centered in 
two areas critical to Iowa’s natural resource pro- 
gram pertaining to water: (1) Nitrogen and Pesti- 
cides Transformation, Fate and Transport in 
Groundwaters and Surface Waters; and (2) Re- 
moval of Radium from Drinking Water. Federal 
competitive funds were used to initiate one new 
project concerning radium removal from ground- 
water used for drinking water purposes. Two 
projects were continued from FY 1987 and they 
include: (1) an evaluation of transformation, fate 
and transport of nitrogen in agricultural streams; 
and (2) biotransformation of pesticides and toxic 
chemicals in the subsurface environment under 
aerobic, anoxic and methanogenic conditions. 
(Austin-IA St. Univ) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(FLORIDA WATER RESOURCES RESEARCH 
CENTER). 

Florida Univ., Gainesville. Water Resources Re- 
search Center. 

J. P. Heaney. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-171786/ 
AS. Price codes: A03 in paper copy, AOI in micro- 
fiche. Program Report G1555-01, December 1989. 
23p, 5 tab. USGS Contract 14-08-0001-G1555; 
USGS Project G1555-01. 


Descriptors: *Florida, *Information transfer, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


The 1988 Annual Center Report for Florida de- 
scribes current water problems and issues of Flori- 
da. Also, it contains synopses of the following 
completed studies which were supported by this 
program: (1) Conservation of Water in Mineral 
Processing Operations in Florida, Brij M. Moudgil; 
(2) Model of Porosity Development in a Coastal 
Carbonate System, Anthony F. Randazzo; and (3) 
Determining Soil-Water Seasonal Movement, M.E. 
Collins and R. B. Brown. Nine reports were pub- 
lished in FY-1988. ‘Runoff’, the semi-annual news- 
letter, was sent to over 1100 readers including 170 
faculty. Lastly, technology transfer activities, co- 
operative arrangements with other groups, and 
training accomplishments are described. (Heaney- 
FL Univ., WRRC) 
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FISCAL YEAR 1988 PROGRAM REPORT 
(SOUTH DAKOTA WATER RESOURCES IN- 


STITUTE). 

South Dakota State Univ., Brookings. Water Re- 
sources Inst. 

A. R. Bender. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-171828/ 
AS. Price codes: A03 in paper copy, AOI in micro- 
fiche. Report No. G-1590-01, 1989. 26p. USGS 
Contract 14-08-0001-G1590; USGS Project G1590- 
01. 


Descriptors: *Information transfer, *Research, 
*South Dakota, *Training, *Water research insti- 
tutes, Education, Projects. 


The development of agricultural water use and the 
maintenance of adequate and safe water supplies 
for industrial and domestic use are high priority 
issues in South Dakota. The FY88 SWRIP sup- 
ported five projects involving the concept of total 
water management and groundwater protection. 
Total water management considers the complex 
interactions of vegetative growth, agricultural 
management, soil chemical and physical properties, 
storage and movement of soil water, and the ef- 
fects of those interactions on surface and ground- 
water quality. The information dissemination pro- 
gram provided usable information to researchers, 
resource managers, agencies, and the public. The 
program was developed cooperatively by higher 
education faculty and state and federal agencies. 
(USGS) 

W90-09552 


FISCAL YEAR 1988 PROGRAM REPORT 
(GEORGIA WATER RESEARCH INSTITUTE). 
Georgia Inst. of Tech., Atlanta. Environmental 
Resources Center. 

B. Kahn. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-173758/ 
AS. Price codes: A03 in paper copy, A01 in micro- 
fiche. Program Report G1556-01, (ERC-03-89), 
May 1989. 44p, 1 fig. USGS Contract 14-08-0001- 
G1556; USGS Project G1556-01. 


Descriptors: *Georgia, *Information transfer, *Re- 
search, *Training, *Water research institutes, Edu- 
cation, Projects. 


The FY 1988 program included the following re- 
search projects: (1) Existing watershed protection 
programs in the southeast were surveyed, and the 
planning process for 13 proposed water supply 
locations in northeast Georgia was examined in 
detail. A 7-step guide was developed, and is dem- 
onstrated for three northeast Georgia supply wa- 
tersheds. (2) The extent to which the metals Zn, 
Mn, Cd, Cu, and Ni were leached from test plots 
on grassy and forested areas was determined. 
Column studies to test leaching into groundwater 
were performed with the same soils. Only minute 
amounts of these materials were released. (3) The 
extent of acute toxicity of the volatile organic 
compounds methylene chloride, chloroform, trich- 
loroethylene, toluene and xylene was determined 
by observing the concentration for 50% inhibition 
of de novo beta-galactosidase biosynthesis in two 
E. coli strains. A test of groundwater concentrates 
from the landfill under study was unsuccessful, 
possibly because the compounds were lost during 
concentration; improved sample handling is being 
developed. (4) Well-characterized dissolved organ- 
ic materials isolated from a source at the Suwanee 
River and Ca-montmorillonite were equilibrated at 
various mixing ratios, ionic strengths and pH 
values to determine the fractionation of the organic 
material between colloidal surfaces and water. The 
patterns of fractional adsorption will be used to 
recommend a reference method for determining 
adsorption of organic materials on clays. (5) In situ 
biological treatment of contaminated groundwaters 
was investigated. Phenol was passed through soil 
columns as an adsorbable and biodegradable test 
substance with various amounts of oxidant (nitrate) 
and nutrients (phosphate). The extent of microbial 
decomposition and the impact of the added sub- 


stances and biological growth on hydraulic con- 
ductivity are being determined. This research was 
performed as part of the Georgia Water Research 
Institute program at the University of Georgia, the 
Georgia Institute of Technology, and Savannah 
State College in the year beginning April 1, 1988. 
Funds were provided by the Geological Survey 
under P.L. 98-242 and by the cited institutions. 
These projects include training and information 
dissemination as important components. (Kahn-GE 
Inst. of Tech) 
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FISCAL YEAR 1988 PROGRAM REPORT (IL- 
LINOIS WATER RESOURCES CENTER). 
Illinois Univ. at Urbana-Champaign. Water Re- 
sources Center. 

G. E. Stout. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-171794/ 
AS. Price codes: A03 in paper copy, AO1 in micro- 
fiche. Annual Report No. 24, 88-G-1560-01, Sep- 
tember 1989. 22p. USGS Contract 14-08-0001- 
G1560; USGS Project G1560-01. 
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search, *Training, *Water research institutes, Edu- 
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The University of Illinois Water Resources Center 
was established in 1963 to ‘encourage and coordi- 
nate universitywide planning and implementation 
of interdisciplinary programs for research and 
graduate education in water resources.’ Since des- 
ignation by the State of Illinois as the ‘insititue’ for 
Illinois, the center’s activities have become state- 
wide. This report describes research accomplish- 
ments, information transfer, and other research ac- 
tivities of the center during fiscal year 1988. Work- 
ing through the center, researchers applied USGS 
funds to the study of water table effects on move- 
ment of agricultural chemicals to groundwater in 
Illinois; geostatistical analysis of regional nonpoint 
groundwater contamination; roles of atmospheric 
H202 in transformations of organic pollutants in 
surface waters; management and development of 
aquatic habitat in agricultural drainage systems; 
and agricultural utilization of waste materials to 
reduce pesticide movement to groundwater in a 
sandy course-textured soil. The research activities 
of the center were well coordinated with those of 
other institutions within the state performing water 
research, largely through the director’s involve- 
ment on numerous committees and the center’s 
role in administering university grants for water 
resources research and grants for the research 
component of the Illinois-Indiana Sea Grant Pro- 
gram. In addition, the center served as the execu- 
tive offices of the International Water Resources 
Association. (Stout-IL WRC) 

W90-09559 


FISCAL YEAR 1988 PROGRAM REPORT (NE- 
BRASKA WATER CENTER). 

Nebraska Univ., Lincoln. Water Resources Center. 
R. E. Gold. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-171802/ 
AS. Price codes: A03 in paper copy, A01 in micro- 
fiche. Institute of Agriculture and National Re- 
sources, Program Report G1574-01, August 1989. 
32p, 3 tab. USGS Contract 14-08-0001-G1574; 
USGS Project G1574-01. 
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Research programs supported in part by the Water 
Resources Research Act of 1984, USGS 104 pro- 
gram for 1988, addressed critical water quality and 
quantity issues in Nebraska. The projects ranged 
from predictive models on water transfers to the 
use of bacteriophages as indicators of water pollu- 
tion and the characterization of soil characteristics 
as indicators of leaching potential. Project No. 02 
involved development of methodologies to evalu- 
ate and map contamination data in a 4-D spatial- 
temporal structure utilizing compound kriging. 
Project No. 03 investigated the use of bacterio- 





phages of Bacteroides fragilis to confirm human 
fecal contamination of surface water resources. 
Project No. 04 involved the development of an 
automated mechanism for executing the DRAS- 
TIC model which resulted in both time savings 
and greater accuracy in identifying vulnerable 
areas for water contamination. Project No. 05 ex- 
amined the use of strategic planning decision sup- 

rt system which evaluates possible water trans- 
er schemes. Project No. 06 investigated and com- 
pared grid and random sampling techniques to 
establish the most appropriate method of soil sam- 
pling for residual nitrates. Project No. 07 examined 
the adsorption of synthetic organics as a function 
of characterized properties of soils. Project No. 08 
included the development and evaluation of meth- 
ods for measuring chemical leaching using drain- 
age lysimeters. (Gold-Univ NE Water Center) 
W90-09560 


FISCAL YEAR 1988 PROGRAM REPORT 
(TEXAS WATER RESOURCES INSTITUTE). 
Texas A and M Univ., College Station. Water 
Resources Inst. 

W. R. Jordan. 

Available from National Technical Information 
Service, Springfield, VA 22161 as PB90-171810/ 
AS. Price codes: A03 in paper copy, AO1 in micro- 
fiche. Program Report No. G1592-01, October 
1989. 3ip. USGS Contract 14-08-0001-G1592; 
USGS Project G1592-01. 
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Detailed sampling of stormwater runoff demon- 
strated the inadequacy of grab samples to describe 
sediment transport in urban settings. A stochastic 
model was developed to define the duration of 
sampling programs to achieve the desired level of 
variability. A simulation model was also developed 
to describe particle mediated contaminated trans- 
port in urban lakes. Unique features include addi- 
tion of unsteady and horizontal transport, coagula- 
tion kinetics and partition coefficient based on par- 
ticle surface areas. Field studies were conducted to 
define total stream and bed transport of sediments. 
Work was completed for low flow conditions and 
will continue until high flows are characterized. 
The research will extend the explanatory power of 
single-point samples routinely collected by USGS. 
The management, technical capability and financial 
stability of nonprofit rural water providers is also 
under study. Survey instruments have been distrib- 
uted and secondary data collected from state and 
federal agencies having financial and regulatory 
powers over rural water providers. The 22nd 
Water for Texas Conference was attended by 
about 300 and the Proceedings will appear soon. 
New Waves, a new newsletter, was successfully 
launched and the matching list has grown to over 
1,000. Texas Water Resources was published in 4 
issues with a distribution in excess of 11,000. 
(Jordan-TX A&M Univ, WRI) 
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FUNCTIONAL REQUIREMENTS OF COM- 
PUTER SYSTEMS FOR THE U.S. GEOLOGI- 
CAL SURVEY, WATER RESOURCES DIVI- 
SION, 1988-97. 

Geological Survey, Tallahassee, FL. Water Re- 
sources Div. 

R. M. Hathaway, and J. M. McNellis. 

Available from Books and Open-File Report Sec- 
tion, USGS, Box 25425, Denver, CO 80225. USGS 
Open-File Report 89-274, 1989. 166p, 1 fig, 25 tab, 
3 ref. USGS Project FL-888. 
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Investigating the occurrence, quantity, quality, dis- 
tribution, and movement of the Nation’s water 
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resources is the principal mission of the U.S. Geo- 
logical Survey’s Water Resources Division. Re- 
ports of these investigations are published and 
available to the public. To accomplish this mission, 
the Division requires substantial computer technol- 
ogy to process, store, and analyze data from more 
than 57,000 hydrologic sites. The Division’s com- 
puter resources are organized through the Distrib- 
uted Information System Program Office that man- 
ages the nationwide network of computers. The 
contract that provides the major computer compo- 
nents for the Water Resources Division’s Distribut- 
ed information System expires in 1991. Five work 
groups were organized to collect the information 
needed to procure a new generation of computer 
systems for the U. S. Geological Survey, Water 
Resources Division. Each group was assigned a 
major Division activity and asked to describe its 
functional requirements of computer systems for 
the next decade. The work groups and major ac- 
tivities are: (1) hydrologic information; (2) hydro- 
logic applications; (3) geographic information sys- 
tems; (4) reports and electronic publishing; and (5) 
administrative. The work groups identified 42 
functions and described their functional require- 
ments for 1988, 1992, and 1997. A few new func- 
tions such as Decision Support Systems and Exec- 
utive Information Systems, were identified, but 
most are the same as performed today. Although 
the number of functions will remain about the 
same, steady growth in the size, complexity, and 
frequency of many functions is predicted for the 
next decade. No compensating increase in the Di- 
vision’s staff is anticipated during this period. To 
handle the increased workload and perform these 
functions, new approaches will be developed that 
use advanced computer technology. The advanced 
technology is required in a unified, tightly coupled 
system that will support all functions simultaneous- 
ly. The new approaches and expanded use of com- 
puters will require substantial increases in the 
quantity and sophistication of the Division’s com- 
puter resources. The requirements presented in this 
report will be used to develop technical specifica- 
tions that describe the computer resources needed 
during the 1990’s. (USGS) 
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POLYCHLORINATED BIPHENYLS: OCCUR- 

RENCE AND TREATMENT IN MUNICIPAL 

- INDUSTRIAL WASTES (JAN 77 - AUG 
). 

National Technical Information Service, Spring- 

field, VA. 

For primary bibliographic entry see Field 5D. 
'90-10032 


GEOTEXTILES (JAN 83 - SEP 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 8G. 
W90-10033 


SEWAGE AND INDUSTRIAL WASTE TREAT- 
MENT: WETLANDS (JAN 77 - DEC 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90- 10034 


OZONATION USED IN WATER AND SEWAGE 
TREATMENT (JAN 70 - MAR 90). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90-10035 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JAN 79 - JUN 87). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90-10036 


DEPARTMENT OF DEFENSE INSTALLATION 

RESTORATION PROGRAM: REMEDIAL 

ACTION ON WASTE DISPOSAL SITES (OCT 

80 - OCT 89). 

National Technical Information Service, Spring- 

field, VA. 

For primary bibliographic entry see Field 5G. 
90-10037 


ODOR POLLUTION (MAR 77 - NOV 89). 
National Technical Information Service, Spring- 
field, VA. 


For primary bibliographic entry see Field 5G. 
W90-10038 


SEWAGE TREATMENT COSTS AND ECO- 
NOMICS (JUL 87 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5D. 
W90-10039 


UNDERWATER CONSTRUCTION WITH CON- 
CRETES (JAN 70 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 8F. 
W90-10040 


TOXIC SUBSTANCES: EFFECTS ON 
(JAN 78 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5C. 
W90-10041 
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ANION EXCHANGE RESINS: STRUCTURE, 
FORMULATION, AND APPLICATIONS (JAN 
77 - JUL 89). 

National Technical Information Service, Spring- 
field, VA. 

For primary bibliographic entry see Field 5F. 
W90-10042 
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Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 


Solubility of Major Species in Precipitation: 
Factors of Variation. 


W90-10210 2K 


Atmospheric Pollution in Beijing, China, as Re- 
corded in Sediments of the Summer Palace 
Lake. 

W90-10214 5B 
Acidic 
Oxides. 
W90-10349 5B 


Deposition: Sulphur and Nitrogen 


Sulphur and Nitrogen in the Atmosphere. 
W90-10350 5B 


Characteristics of the Background Air Quality. 
W90-10351 5B 


Air Quality of an Area Proximal to Anthropo- 
genic Emissions. 
W90-10352 5B 


Wet and Dry Deposition of Air Pollutants in 
Alberta. 


W90-10353 5B 


Anthropogenic Sources of Acidic and Acidify- 
ing Air Pollutants in Alberta. 
W90-10354 5B 


Model Estimates of Provincial Scale Atmos- 
pheric Sulphur Dioxide (SO2) and Oxides of 
Nitrogen (NOx) in Alberta. 

W90-10355 5B 


Regional Scale Effects of SO2 on Some Agricul- 
tural Crops in Alberta. 
W90- 10356 5C 


Assessment of the Sensitivity of Alberta Surface 
Waters to Acidification. 
W90-10357 5B 


ALASKA 
Lateral Movement of Contaminated Ground 
Water from Merrill Field Landfill, Anchorage, 
Alaska. 
W90-09514 5B 


Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 
W90-10071 y 


Technological Progress in Alaska Placer Mining 
Operations. 
W90-10082 5G 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90-10099 5G 


Managing Drilling Wastes in a Northern Envi- 
ronment. 

W90-10101 5E 
Seasonal Snow and Aufeis in Alaska’s Taiga. 
W90-10445 2C 
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Trophic Level Responses to Glacial Meltwater 
Intrusion in Alaskan Lakes. 
W90-10454 2H 


Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 

W90-10455 2H 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 5B 


Hydrology of Two Subarctic Watersheds. 
W90- 10465 2A 


Some Aspects of Glacier Hydrology in the 
Upper Susitna and Maclaren River Basins, 
Alaska. 


W90-10471 2C 


Regional 
Alaska. 
W90-10472 2C 


Distribution of Stream Icings in 


Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2J 


Role of Glacierized Basins in Alaskan Hydrolo- 


gy. 
W90-10486 2C 


Forecast Procedure For Jokulhlaups on Snow 
River in Southcentral Alaska. 
W90- 10488 4A 


Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90- 10489 2J 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2C 


Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 

W90-10491 7B 


Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 6G 


Freezeup Processes Along the Susitna River, 
Alaska. 
W90-10497 2C 


ALBEDO 
Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


ALBERTA 
Exchange of Phosphorus from Shallow Sedi- 
ments at Nine Alberta Lakes. 
W90-10188 2H 


Comparison of Melt Energy Computations and 
Ablatometer Measurements on Melting Ice and 
Snow. 

W90-10262 2C 
Acidic 
Oxides. 
W90-10349 5B 


Deposition: Sulphur and Nitrogen 


Wet and Dry Deposition of Air Pollutants in 
Alberta. 
W90-10353 5B 


Anthropogenic Sources of Acidic and Acidify- 
ing Air Pollutants in Alberta. 
W90-10354 5B 


Model Estimates of Provincial Scale Atmos- 
pheric Sulphur Dioxide (SO2) and Oxides of 
Nitrogen (NOx) in Alberta. 

W90-10355 5B 


Regional Scale Effects of SO2 on Some Agricul- 
tural Crops in Alberta. 


W90-10356 5c 


Assessment of the Sensitivity of Alberta Surface 
Waters to Acidification. 
W90-10357 5B 


ALBUQUERQUE-BELEN BASIN 
Lithology of Basin-Fill Deposits in the Albu- 
querque-Belen Basin, New Mexico. 
'W90-09905 2F 


ALFALFA 


Nitrogen Fixation of Soybean and Alfalfa on 
Sewage Sludge-Amended Soils. 
W90-09610 5E 


Regional Scale Effects of SO2 on Some Agricul- 
tural Crops in Alberta. 
W90-10356 5C 


ALGAE 


Food Thresholds in Daphnia Species in the Ab- 


sence and Presence of Blue-Green Filaments. 
W90-09614 2H 


Communities of Sessile Algae in Some Small 
Streams of Central Finland. Comparison of the 
Algae of the High Mountains of Europe and 
Those of Its Northern Regions. 

W90-09677 2H 


Enteromorpha as a Monitor of Heavy Metals in 
Estuaries. 


W90-09691 SA 


Mathematical Model for 137Cs Uptake and Re- 
lease by Filamentous Algae. 
W90-09698 5B 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Effect of Fluoride on Axenic Cultures of Dia- 
toms. 
W90-10200 SC 


Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


ALGAL BLOOMS 
Viruses as Partners in Spring Bloom Microbial 
Trophodynamics. 
W90-09632 2H 


Modelling the Initiation of Spring Phytoplank- 
ton Blooms: A Synthesis of Physical and Biolog- 
ical Interannual Variability off Southwest Nova 
Scotia, 1983-85. 

W90-09640 2L 


Growth Characteristics of Plagioselmis sp. 
(strain 87) Causing Freshwater Red Tide in the 
Lower Part of the Nakasuji River, Japan (in 
Japanese). 

W90- 10304 2H 


ALGAL GROWTH 
Light Conditions and Photosynthetic Productiv- 
ity of Ice Algal Assembiages in Lake Saroma, 
Hokkaido. 
W90-09621 2H 


Effects of River Water of Different Origin on 
the Growth of Marine Dinoflagellates and Dia- 
toms in Laboratory Cultures. 

W90-09745 2L 





ALGORITHMS 
Mathematical Models. 
W90-10393 5G 


ALKALINE SOILS 
Land and Water Use Planning in Aikali Soils 
Under Reclamation. 


W90-10123 3F 


ALKYLBENZENE SULFONATES 

Studies of UV-Spectroscopy of LAS in Relevant 
Environmental Matrices: Fundamentals and 
LAS-Determination under Relatively Problem- 
Free Conditions (Studien zur UV-Spektroskopie 
von LAS in _ relevanten Umwelt-Matrices: 
Grundlagen und LAS-Bestimmung unter relativ 
problemlosen Bedingungen). 

W90-10208 SA 


ALLUVIAL AQUIFERS 
Oxygen-18 and Deuterium Distribution in Rain- 
fall, Runoff and Groundwater in a Small Semi- 
Arid Basin: The Aravaipa Valley in the Sonora 
Desert, Arizona. 
W90-09965 2A 


Isotopic Investigation of Groundwater in the 
Cul-de-Sac Plain, Haiti. 
W90-09979 2F 


ALLUVIAL FANS 
Isotopic Analysis of Groundwater Flow Sys- 
tems in a Wet Alluvial Fan, Southern Nepal. 
W90-09978 2F 


Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, 
Mountains, New Mexico. 

W90-10177 2J 


ALLUVIAL PLAINS 
Contributions of Isotope Analyses to Knowl- 
edge of the Origins of Groundwater in Alluvial 
Plains (Apports des Analyses Isotopiques a la 
Connaissance de !’Origine des Eaux Souterraines 
dans les Plaines Alluviales). 


W90-09973 2F 


ALTERNATIVE PLANNING 
Efficient Management of Multiple Water 
Sources, Given a Range of Quality Levels and 
User Quality Requirements. 
W90-09907 6A 


ALUMINUM 
Plant Water Relations as Affected by Heavy 
Metal Stress: A Review. 
W90-09608 5C 


Jemez 


pH-Independent Effect of Aluminum on Cul- 
tures of Phytoplankton from an Acidic Wiscon- 
sin Lake. 

W90-09729 5C 


Behaviour of Aluminum Species During Snow- 
melt, Both Downstream and after Mixing with 
Nonacidic Waters. 

W90-09761 2K 


Solubilities of Aluminum Hydroxides and Oxy- 
hydroxides in Alkaline Solutions. 
W90-09878 2K 


Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


ALUMINUM HYDROXIDE 
Investigation of an Aluminum Hydroxide In- 
crustation in a Rural Water Supply (Aluminium- 
hydroxid-Ablagerung in einer Wasserleitung). 
W90-10205 


AMAZON FOREST 
Modeling the Effects of Amazonian Deforest- 
ation on Regional Surface Climate: A Review. 
W90-09712 2A 


SUBJECT INDEX 


AMMONIA 
Acute and Chronic Toxicity of Ammonia to 
Marine Fish and a Mysid. 
W90-09594 5C 


Ammonia Volatilization from Urea as Influ- 
enced by Soil Temperature, Soil Water Content, 
and Nitrification and Hydrolysis Inhibitors. 

W90-10256 SB 


Recovery of Ammonia from Industrial Waste 
Water (Rueckgewinnung von Ammoniak aus In- 
dustrieabwasser). 

W90-10326 5D 


AMPHIPODS 
Hexachlorobenzene Uptake by Fathead Min- 
nows and Macroinvertebrates in Recirculating 
Sediment/Water Systems. 
'W90-09591 5B 


Seasonal Variation in Copper and Zinc Concen- 
trations in Three Talitrid Amphipods (Crusta- 
cea). 


W90-10270 5B 


ANAEROBIC CONDITIONS 
Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 
W90-09874 2K 


Anaerobic Biodegradability and Toxicity of Hy- 
drogen Peroxide Oxidation Products of Phenols. 
W90-10310 5D 


ANAEROBIC DIGESTION 
Anaerobic Digestion of Crops and Farm Wastes 
in the United Kingdom. 
'W90-09609 SE 


ANALYTICAL METHODS 
Survey of Applications of Non-Radioactive but 
Neutron Activatable Groundwater Tracers. 
W90-09988 7B 


ANALYTICAL TECHNIQUES 
Determination of Iodine in Oyster Tissue by 
Isotope Dilution Laser Resonance Ionization 
Mass Spectrometry. 
W90-09589 7B 


New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 

W90-09590 5A 


Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 

W90-09604 7B 


ANCHORAGE 
Evidence of Groundwater Recharge Through 
Frozen Soils at Anchorage, Alaska. 
W90-10461 2G 


ANIMAL WASTES 
Anaerobic Digestion of Crops and Farm Wastes 
in the United Kingdom. 
W90-09609 SE 


Prediction of Variations in Ground-Water Qual- 
ity under the Influence of Pen Sewage Irriga- 
tion. 

W90-10400 5B 


ANION EXCHANGE 
Anion Exchange Resins: Structure, Formulation, 
and Applications (Jan 77 - Jul 89). 
W90-10042 5F 


ANNUAL RUNOFF 
Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 
W90-10490 2C 


AQUATIC HABITATS 


ANTIFOULANTS 
Effects of Tri-n-butylin Chloride (TBTC) on the 
Early Life Stages of Perch (Perca fluviatilis L.) 
in Brackish Water. 
W90-09765 pe 


ANTIMONY 
Ground Water Monitoring and Remediation at a 


Tailings Impoundment in Northwest Montana. 
W90-10102 5G 


APHOTIC ZONE 
Calculating the Load of Organic Carbon to the 


Aphotic Zone in Eutrophicated Coastal Waters. 
W90-10242 5B 


AQUATIC ANIMALS 
Relation Between the Toxicity of Some Toxi- 
cants to the Aquatic Animals (Tanichthys albon- 
ubes and Neocaridina denticulata) and the Hard- 
ness of the Test Solution. 
W90-10266 S€ 


AQUATIC BACTERIA 
Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. I. 
Some Physical and Chemical Characteristics. 
W90-09618 2H 


Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. II. 
Isolation and Identification of Purple Non-sulfur 
Bacteria (Rhodospirillaceae). 

W90-09701 2H 


Sediment-to-Water Fluxes of Particulate Materi- 
al and Microbes by Resuspension and their Con- 
tribution to the Planktonic Food Web. 

W90-10300 2L 


High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 


W90-10301 2H 


Dynamic Interactions of Pseudomonas aerugin- 
osa and Bacteriophages in Lake Water. 
W90-10303 2H 


AQUATIC BIOTA 
Losses of Biota from American Aquatic Com- 
munities Due to Acid Rain. 
W90-09725 5C 


AQUATIC ENVIRONMENT 
Survival of Genetically Engineered Escherichia 
coli in Natural Soil and River Water. 
W90-10296 5B 


Drought: Consequences on Natural Surround- 
ings, Health, and the Environment (La Secher- 
esse: Consequences sur le Milieu, Salubrite, En- 
vironnement). 

W90-10328 2E 


AQUATIC FUNGI 
Seasonal Fluctuation in Species Composition of 
Aquatic Hyphomycetous Flora in a Temperate 
Freshwater Stream of Central Himalaya, India. 
W90-09619 2H 


Dynamics of Aquatic Hyphomycetes in an East- 
ern Moroccan Stream. 
W90-10259 2H 


AQUATIC HABITATS 
Management and Development of Aquatic Habi- 
tat in Agricultvral Drainage Systems. 
W90-09556 6G 


Macroinvertebrates in the Demmerik Ditches 
(The Netherlands): The Role of Environmental 
Structure. 

W90-09735 2H 


Flushing Flows. 
W90-10001 5G 
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AQUATIC HABITATS 


Models for Predicting Benthic Macroinverte- 
brate Habitat Suitability Under Regulated 
Flows. 

W290-10007 2H 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


Instream Habitat Modeling Techniques. 
W90-10009 2H 


Alternative Approaches in Predicting Trout 
Populations from Habitat in Streams. 
W90-10010 8I 


AQUATIC INSECTS 
Ecological Characteristics of Caddis Flies (Tri- 
choptera) of Streams in the Gorce Mts (South- 
ern Poland). 
W90-09679 2H 


Preliminary Report on the Stoneflies (Plecop- 
tera) Inhabiting Main Watercourses in the Gorce 
Mts (Southern Poland). 

W90-09680 2H 


Investigation on Water Bugs (Heteroptera) in 
Strongly Polluted Lake Suskie (Northern 
Poland). 

W90-09681 5C 


Biological Control of Aquatic Weeds with In- 
sects. 
W90-10022 4A 


Mosquitoes Associated with Impoundments: A 
Review of Their Biology. 
W90-10028 2H 


Monitoring Techniques for Mosquitoes Associ- 
ated with Impoundments. 
W90-10029 4A 


AQUATIC PLANTS 

Observations on Concentrations of the Heavy 
Metals Zinc, Manganese, Nickel and Iron in 
Water, in the Sediments and Two Aquatic Ma- 
crophytes, Typha capensis (Rohrb.) N.E. Br. 
and Arundo donax L., of a Stream Affected by 
Goldmine and Industrial Effluents. 

W90-09758 5B 


Association of Aquatic Plants and Mosquito 
Production in Impoundments. 
W90-10012 4A 


Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 44 


U.S. Army Corps of Engineers, Wilmington Dis- 
trict Aquatic Weed Control Programs. 
W90-10017 4A 


Aquatic Plant Management in Florida. 
W90-10021 4A 


Biological Control of Aquatic Weeds Using 
Fish. 
W90-10023 4A 


Biological Control of Aquatic Plants with Plant 
Pathogens. 
W90-10024 4A 


Oxygen Transport through Aquatic Macro- 
phytes: The Role in Wastewater Treatment. 
W90-10190 5D 


Lotic Vegetation Dynamics Following Disturb- 
ance Along the Swan and Apsley Rivers, Tas- 
mania, Australia. 

W90-10224 2H 


Experimental Transplanting of Seagrasses in 


Botany Bay, Australia. 
W90-10245 2L 
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AQUATIC PRODUCTIVITY 
Estimating Productivity of Macrobenthic Inver- 
tebrates from Biomass and Mean Individual 
Weight. 
W90-09806 2H 


AQUATIC WEED CONTROL 
Duke Power Company Aquatic Plant Manage- 
ment Program. 
W90-10013 4A 


Overview of North Carolina’s Aquatic Weed 
Control Program. 
W90-10014 4A 


Management of Aquatic Plants and Mosquitoes 
in the Santee Cooper Hydrologic System. 
W90-10015 4A 


Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 aA 


U.S. Army Corps of Engi s, Wil 
trict Aquatic Weed Control Programs. 
W90-10017 4A 





gton Dis- 


Overview of TVA Aquatic Plant Management 
Program. 
W90-10020 4A 


Aquatic Plant Management in Florida. 
W90-10021 4A 


Biological Control of Aquatic Weeds with In- 
sects. 
W90-10022 4A 


Biological Control of Aquatic Weeds Using 
Fish. 
W90-10023 4A 


Biological Control of Aquatic Plants with Plant 
Pathogens. 
W90-10024 4A 


Chemical and Physical Management of Aquatic 
Weeds in Municipal Water Supply Reservoirs 
and Other Impoundments. 

W90-10026 4A 


Aquatic Weed Management in Urban and Agri- 
cultural Canals Using Triploid Grass Carp. 
W90-10027 4A 


AQUATIC WEEDS 
Proceedings of Workshop on Management of 
Aquatic Weeds and Mosquitoes in Impound- 
ments. 
W90-10011 4A 


Association of Aquatic Plants and Mosquito 
Production in Impoundments. 
W90-10012 4A 


Duke Power Company Aquatic Plant Manage- 
ment Program. 
W90-10013 4A 


Overview of North Carolina’s Aquatic Weed 
Control Program. 
W90-10014 As 


Management of Aquatic Plants and Mosquitoes 
in the Santee Cooper Hydrologic System. 
W90-10015 4A 


Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 4A 


U.S. Army Corps of Engineers, Wilmington Dis- 
trict Aquatic Weed Control Programs. 
W90-10017 4A 


Overview of TVA Aquatic Plant Management 
Program. 
W90-10020 4A 


Aquatic Plant Management in Florida. 
W90-10021 4A 


Biological Control of Aquatic Weeds with In- 
sects. 
W90-10022 4A 


Biological Control of Aquatic Weeds Using 
Fish. 
W90-10023 4A 


Biological Control of Aquatic Plants with Plant 
Pathogens. 
W90-10024 4A 


Chemical and Physical Management of Aquatic 
Weeds in Municipal Water Supply Reservoirs 
and Other Impoundments. 

W90-10026 4A 


Aquatic Weed Management in Urban and Agri- 
cultural Canals Using Triploid Grass Carp. 
W90-10027 4A 


Low Level Remote Sensing of Aquatic Weeds. 
W90-10030 7B 


U.S. Fish and Wildlife Service and the Environ- 
mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 
and Its Impact on Aquatic Weed and Mosquito 
Control. 

W90-10031 4A 


AQUIFER CHARACTERISTICS 
Hydrology of Rotorua Geothermal Aquifer, 
New Zealand. 
W90-09953 2F 


Geochemistry of Thermal Fluids in the Yangba- 
jain Area (Tibet/China). 
W90-09954 2F 


Piezometer Installation and Monitoring Under 
Artesian Conditions. 
W90-10116 7B 


AQUIFER MANAGEMENT 
Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 
W90-10075 5G 


AQUIFER PROPERTIES 

Comparative Study of Two Tracer Methods for 
Determining the Hydrodynamic Parameters of 
Porous, Saturated Aquifers (Etude Comparative 
de Deux Methodes de Traceurs pour la Determi- 
nation des Parametres Hydrodynamiques des 
Aquiferes Poreux Satures). 

W90-09987 7B 


AQUIFER RESTORATION 
Biotransformation of Trichloroethane (TCA) in 
Groundwater. 
W90-10511 5G 


AQUIFER SYSTEMS 
Analysis of an Aquifer-Water Table Aquitard 
System. 
W90-09799 2F 


Hydrology of Rotorua Geothermal Aquifer, 
New Zealand. 
W90-09953 2F 


Geochemistry of Thermal Fluids in the Yangba- 
jain Area (Tibet/China). 
W90-09954 2F 


Field Study on the Initial C-14 Content as a 
Limiting Factor in C-14 Groundwater Dating. 
W90-09955 2F 





Isotopic and Geochemical Studies Investigating 
the Genesis of Carbon Isotope Content in Young 
Groundwaters. 

W90-09956 2F 


Stable Isotopic Composition of Groundwater of 
Central California as an Indicator of Mid-Pleis- 
tocene Tectonic Evolution. 

W90-09963 2F 


Isotope Study of the Oruro-Caracollo Basin (Bo- 
livia) (Estudio Isotopico de la Cuenca de Oruro- 
Caracollo (Bolivia)). 

W90-09968 2F 


Isotopic and Hydrogeological Studies in the 
Southwest of the Dominican Republic (Estudios 
Isotopico e Hidrogeologico en el Suroeste de la 
Republica Dominicana). 

W90-09969 4B 


Use of Natural N-15 Isotope Tracing to Reveal 
Mixtures in Complex Aquifers (Utilisation du 
Tracage Isotopique Naturel de l’Azote 15 pour 
la Mise en Evidence de Melanges dans les Aqui- 
feres Complexes). 

W90-09971 2F 


Water Movements in the Unsaturated Zone and 
Recharge of the Aquifer in the Champagne 
Chalk (France): Isotopic and Chemical Ap- 
proaches Mouvements de !’Eau dans la Zone 
Non Saturee et Alimentation de la Nappe de la 
Craie de Champagne (France). 

W90-09972 2F 


Contributions of Isotope Analyses to Knowl- 
edge of the Origins of Groundwater in Alluvial 
Plains (Apports des Analyses Isotopiques a la 
Connaissance de l’Origine des Eaux Souterraines 
dans les Plaines Alluviales). 

W90-09973 2F 


Phreatic-Confined Discontinuities and Restrict- 
ed Flow in Confined Groundwater Systems. 
W90-09975 2F 


AQUIFER TESTING 
Interpretation of Pump-Test Data from a Dis- 
used Underground Mine. 
W90-09796 2F 


AQUIFERS 
Geology and Ground-Water Resources of the 
Fort Pillow Sand in Western Tennessee. 
W90-09544 2F 


Principles of Groundwater Flow. 
W90-09839 2F 


Selected Borehole Geophysical Logs and 
Drillers’ Logs, Northern Coastal Plain of New 
Jersey. 

W90-09888 2F 


Lithology of Basin-Fill Deposits in the Albu- 
querque-Belen Basin, New Mexico. 
W90-09905 2F 


Groundwater Dating with Helium Isotopes. 
W90-09957 2F 


Silicon-32 in Different Aquifer Types and Impli- 
cations for Groundwater Dating. 
W90-09959 2F 


Modern and Fossil Groundwater in an Arid 
Environment: A Look at the Hydrogeology of 
Southern Oman. 

W90-09960 2F 


Groundwater Evaporation from East-Saharian 
Depressions by Means of Deuterium and 
Oxygen-18 in Soil Moisture. 

W90-09961 2D 


SUBJECT INDEX 


Sources of Recharge to the Basal Nubian Sand- 
stone Aquifer, Butana Region, Sudan. 
W90-09962 2F 


Isotopic Studies on Sea Water Intrusion and 
Interrelations between Water Bodies: Some 
Field Examples. 

W90-09974 2F 


Isotopic Research on the Groundwaters in the 
Calcareous Formations in Southern Dobruja 
(Romania) (Recherches Isotopiques sur les Eaux 
Souterraines des Formations Calcaires dans la 
Dobroudja Meridionale (Roumanie)). 

W90-09976 2F 


Environmental Isotope Study of the Deep 
Groundwaters in Northern Switzerland. 
W90-09977 2F 


Predicting the Impacts of a Logical Mining Unit 
System on the Water Resources of an Area. 
W90-10084 4C 


Distribution of Metals in a Polluted Aquifer: A 
Comparison of Aquifer Suspended Material to 
Fine Sediments of the Adjacent Environment. 
W90-10278 5B 


Impact of Agricultural Activities on Ground 
Water. 
W90-10388 5B 


MUCK--A Novel Approach to Co-Kriging. 
W90-10427 71C 


Considerations for Modeling Transport of Bac- 
teria in Contaminated Aquifers. 
W90-10510 5B 


Groundwater Dynamics Influenced by Irriga- 
tion and Associated Problems of River Salina- 
tion; Breede River, Western Cape Province, 
R.S.A. 

W90-10517 5B 


AQUITARDS 
Analysis of an Aquifer-Water Table Aquitard 
System. 
W90-09799 2F 


ARCTIC 
Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 
W90-10071 7C 


ARCTIC ZONE 
Managing Drilling Wastes in a Northern Envi- 
ronment. 
W90-10101 SE 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 

W90-10491 7B 


Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


AREA OF CRITICAL CONCERN 
Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 
W90-10075 5G 


ARGENTINA 
Isotopic Evidence for the Different Origins of 
the Tulum Valley Groundwaters (San Juan, Ar- 
gentina). 
W90-09967 2F 


ARTIFICIAL RECHARGE 


Estimating the Externalities of Groundwater 
Use in Western Argentina. 
W90-10370 3F 


ARID CLIMATES 
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Evapotranspiration Data for Irrigation. 
W90-09744 3F 


Flood of January 1982 in the San Francisco Bay 
Area, California. 
W90-09898 2E 


SUBJECT INDEX 


Hydrologic and Geochemical Monitoring in 
Long Valley Caldera, Mono County, California, 
1986. 

'W90-09899 7B 


Distribution of Wells in the Central Part of the 
Western San Joaquin Valley, California. 
W90-09904 1C 


Stable Isotopic Composition of Groundwater of 
Central California as an Indicator of Mid-Pleis- 
tocene Tectonic Evolution. 

W90-09963 2F 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 8I 


Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Fogwater Chemistry at Riverside, California. 
W90-10324 5B 


Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 

W90-10362 3F 


CANADA 


Isotopic Composition of Precipitation and 
Groundwater in Canada. 
W90-09982 2A 


Acidic Deposition: 
Oxides. 
W90-10349 5B 


Sulphur and Nitrogen 


Characteristics of the Background Air Quality. 
W90-10351 5B 


Air Quality of an Area Proximal to Anthropo- 
genic Emissions. 
W90-10352 5B 


Wet and Dry Deposition of Air Pollutants in 
Alberta. 
W90-10353 5B 


Anthropogenic Sources of Acidic and Acidify- 
ing Air Pollutants in Alberta. 
W90-10354 5B 


Model Estimates of Provincial Scale Atmos- 
pheric Sulphur Dioxide (SO2) and Oxides of 
Nitrogen (NOx) in Alberta. 

W90-10355 5B 


Regional Scale Effects of SO2 on Some Agricul- 
tural Crops in Alberta. 
W90-10356 5C 


Assessment of the Sensitivity of Alberta Surface 
Waters to Acidification. 
W90-10357 5B 


Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 

W90-10406 SE 


CANADIAN SHIELD 


Biomass and Photosynthesis of Size-Fractionat- 
ed Phytoplankton in Canadian Shield Lakes. 
W90-10269 2H 


CANALS 


Aquatic Weed Management in Urban and Agri- 
cultural Canals Using Triploid Grass Carp. 
W90-10027 4A 


CARP 


Characteristics of a Sediment-Laden Flow in a 
Canal and Calculation of Reliability. 
W90-10146 8B 


Designs of Inlet Works at the Intersection of a 
Canal with a Stream. 
W90-10151 8A 


Calculation of the Longitudinal Flow Velocity 
Field in the Cross Section of Cylindrical Chan- 
nels. 

W90-10152 8B 


CANOPY 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: III. 
Determination of the Canopy Storage Capacity 
of a Dry Sderophyll Eucalypt Forest. 
W90-09779 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: IV. 
The Relationship of Interception and Canopy 
Storage Capacity, the Interception of these For- 
ests, and the Effect on Interception of Thinning 
the Pine Plantation. 

W90-09780 21 


CARBAMATE PESTICIDES 
New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 
W90-09590 5A 


CARBARYL 
New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 
W90-09590 5A 


Influence of Time of Application of an Insecti- 
cide on Recovery Patterns of a Zooplankton 
Community in Experimental Ponds. 

W90-09597 5C 


CARBON 
Carbon Isotope Mass Transfer as Evidence for 
Contaminant Dilution. 
W90-09860 5B 


Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. 
W90-09861 5B 


CARBON DIOXIDE 
Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. . 
W90-09861 5B 


Isotopic Geochemistry of the Engadine Mineral 
Springs of Scuol-Tarasp, Switzerland. 
W90-09966 2F 


CARBON ISOTOPES 
Isotopic and Geochemical Studies Investigating 
the Genesis of Carbon Isotope Content in Young 
Groundwaters. 
W90-09956 2F 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


CARBON RADIOISOTOPES 

Simulation of the Transport of the C-14 in the 
Total Dissolved Inorganic Carbon (DIC) in 
Confined Aquifers Using a Convective-Disper- 
sive Approach (Simulation du Transport du Car- 
bone 14 du CITD dans le Aquifers Captifs par 
une Approche Convecto-Dispersive). 

W90-09958 2F 


CARP 
Aquatic Weed Management in Urban and Agri- 
cultural Canals Using Triploid Grass Carp. 
W90-10027 4A 
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CASE STUDIES 


CASE STUDIES 
Interpreting the Results 
Drought Experiments. 
W90-098 14 3F 


from Simulated 


CATASTROPHE THEORY 
Applications of Catastrophe Theory in Fluvial 
Geomorphology. 
W90-10336 2J 


CATCHMENT AREAS 
Flood Hydrograph Estimation from Arid Catch- 
ment Morphology. 
W90-09775 2E 


CATENARY TRAIL-TUBE SYSTEM 
Development and Field Evaluation of a Cate- 
nary Trail-Tube System for Reducing Irrigation 
Water Losses. 

W90-09525 7B 


CATFISH 
Bioaccumulation of Nickel and Vanadium in 
Tissues of the Catfish Clarias batrachus. 
W90-09665 5B 


Heavy Metal Content in Organs of the African 
Sharptooth Catfish, Clarias gariepinus (Bur- 
chell), from a Transvaal Lake Affected by Mine 
and Industrial Effluents: Part 1. Zinc and 
Copper. 

W90-09759 5B 


CATIONS 
Groundwater Cation Concentrations in the Ri- 
parian Zone of a Forested Headwater Stream. 
W90-09776 2K 


Effect of Acid Deposition on Cation Fluxes in 
Artificially Acidified Catchments in Western 
Norway. 

W90-10240 5C 


CAZENOVIA CREEK 
Structure to Control Ice Formation and Ice Jam 
Flooding on Cazenovia Creek, New York. 
W90-10496 ys 


CENTRIFUGATION 
Isolation and Analysis of Particulate Detritus as 
an Aid to Studies on the Nutritional Ecology of 
Deposit Feeders. 
W90-09737 7B 


CESIUM RADIOISOTOPES 
Mathematical Model for 137Cs Uptake and Re- 
lease by Filamentous Algae. 
W90-09698 5B 


Deposition of Chernobyl Caesium-137 in Heavy 
Rain and Its Persistent Uptake by Grazing 
Sheep. 

W90-09708 5B 


Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 

W90-10186 2J 


CHANGJIANG RIVER 
Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 
W90-10238 al. 


CHANNEL EROSION 
Characteristics of a Sediment-Laden Flow in a 
Canal and Calculation of Reliability. 
W90-10146 8B 


Riverbank Erosion Processes on the Yukon 


River at Galena, Alaska. 
W90-10481 2J 
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CHANNEL FLOW 
Calculation of the Longitudinal Flow Velocity 
Field in the Cross Section of Cylindrical Chan- 
nels. 
W90-10152 8B 


Modelling Geomorphological Systems. 
W90-10334 2J 


Mathematical Models of Channel Morphology. 
W90-10339 2J 


Flow Processes and Data Provision for Channel 
Flow Models. 
W90-10340 2J 


Hydrology and Sediment Models. 
W90-10341 2J 


Models of Sediment Transport in Natural 
Streams. 
W90-10342 2J 


CHANNEL MORPHOLOGY 
Pattern and Origin of Stepped-Bed Morphology 
in High-Gradient Streams, Western Cascades, 
Oregon. 
W90-10178 2J 


Mathematical Models of Channel Morphology. 
W90-10339 2J 


CHANNELING 
Alternative Channelization Procedures. 
W90- 10002 4A 


Channel Engineering and Erosion Control. 
W90-10003 4A 


CHAOS (MATHEMATICAL) 
Evidence of Deterministic Chaos in the Pulse of 
Storm Rainfall. 
W90-09802 2B 


CHEMICAL ANALYSIS 
Determination of Iodine in Oyster Tissue by 
Isotope Dilution Laser Resonance Ionization 
Mass Spectrometry. 
W90-09589 7B 


New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 

W90-09590 5A 


Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 

W90-09604 7B 


Flow-Injection Determination of Organic Con- 
taminants in Water Using an Ultraviolet-Mediat- 
ed Titanium Dioxide Film Reactor. 

W90-09627 5A 


Labile Metal Content of Sediments: Fractiona- 
tion Scheme Based on Ion-Exchange Resins. 
W90-09650 5A 


Automated Determination of Nitrate in Water. 
W90-09755 5A 


Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 

W90-09763 SA 
Development of a Definitive Method for Iodine 


Speciation in Aquatic Systems. 
W90-09773 2H 


Bleidner Vapour Phase Extraction Technique 
for the Determination of Organochlorine Com- 
pounds in Lake Sediments. 

W90-09774 7B 


Using Chemical Analyses and Assessing Quality 
in Aqueous Environmental Monitoring Pro- 
grams. 

W90-09871 5A 


Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 

W90-10221 5A 


Identification of Samples of Oil Related to Two 
Spills. 
W90-10241 5A 


Quantitative Analysis of Volatile Organic Com- 
pounds in Landfill Leachates. 
W90-10272 5A 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 1: Evaluation of 
Grab Sample Methodology for Part-Per-Quad- 
rillion Analysis. 

W90-10275 5A 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 2: Optimization 
of an XAD-2 Resin Column Methodology. 

W90-10276 SA 


High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 

W90-10301 2H 


Sensitive Chromatographic Method for the De- 
tection of Pyruvyl Groups in Microbial Poly- 
mers from Sediments. 

W90-10302 2H 


CHEMICAL DEGRADATION 


Degradation of Methomyl in Chlorinated Water. 
W90-10132 5B 


Leaching and Transformation of Glufosinate- 
Ammonium and Its Main Metabolite in a Lay- 
ered Soil Column. 

W90-10133 5B 


CHEMICAL INTERACTIONS 


Groundwater Cation Concentrations in the Ri- 
parian Zone of a Forested Headwater Stream. 
W90-09776 2K 


Scavenging of Atmospheric Pollutants by 
Clouds and Precipitation by Means of a Vertical 
Wind Tunnel. Phase 1 (Auswaschen von Atmos- 
pharischen Spurenstoffen durch Wolken und 
Niederschlag mittels eines Vertikalen Windkan- 
als). 

W90-10062 2K 


Chemical Causes of Groundwater Movement. 
W90-10509 2K 


CHEMICAL PRECIPITATION 


Chemical Precipitation of Leachate from Sani- 
tary Landfills at Municipal Sewage Treatment 
Plants. 

W90-09766 5D 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 1. Characteristics of Ca, 
Al and Fe Precipitated Sewage Sludges. 

W90-10156 5D 


Effects of Phosphorus Precipitation Chemicals 
on Characteristics and Agricultural Value of 
Municipal Sewage Sludges: 2. Effect of Sewage 
Sludges on Yield, Element Contents and Uptake 
by Spring Barley (Hordeum vulgare, L). 

W90-10157 5D 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 





nicipal Sewage Sludges: 3. Analytical Results of 
Sludge Treated Soils. 
W90-10158 3C 


CHEMICAL PROPERTIES 
Composition of Hazardous Wastes. 
W90-09838 5A 


Dynamic Chemical Characterization of Montane 
Clouds. 
W90-10211 2B 


CHEMICAL REACTIONS 
Current Status of the EQ3/6 Software Package 
for Geochemical Modeling. 
W90-09854 2K 


Coupling of Precipitation-Dissolution Reactions 
to Mass Diffusion via Porosity Changes. 
W90-09864 2K 


Photochemical Degradation Rates of Tetraphen- 
ylborate and Diphenylboric Acid Sensitized by 
Dissolved Organic Matter in Stream Water. 

W90-10136 5B 


CHEMICAL SENSORS 
Chemiluminescence Sensor with Uranine Immo- 
bilized on an Anion-Exchange Resin for Moni- 
toring Free Chlorine in Tap Water. 
W90-09626 5F 


CHEMICAL SPECIATION 
Behaviour of Aluminum Species During Snow- 
melt, Both Downstream and after Mixing with 
Nonacidic Waters. 
W90-09761 2K 


Development of a Definitive Method for Iodine 
Speciation in Aquatic Systems. 
W90-09773 2H 


CHEMICAL STRATIFICATION 
Stratification during Periods of Oxygen Defi- 
ciency in the German Bight during the Summers 
from 1981 to 1983: A Comparison with the 
Long-term Variation in Stratification. 
W90-09805 2L 


CHEMICAL TREATMENT 
Chemical, Physical, and Biological Treatment of 
Hazardous Waste. 
W90-09830 5D 


CHEMICAL WASTES 
Hazardous Waste and Chemical Substances: 
Statutory Review. 
W90-09828 5E 


Contribution of Selected Toxic Chemicals To 
Groundwater from Domestic On-Site Sewage 
Disposal Systems. 

W90-09938 5B 


CHEMICAL WASTEWATER 

Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 

W90-10207 5D 


CHEMISTRY OF PRECIPITATION 
Global Monitoring at the United States Baseline 
Stations with Emphasis on Precipitation Chemis- 
try Measurements. 
W90-09724 2B 


Origins and Variations of Nitrate in South Polar 
Precipitation. 
W90-09790 2A 


Numerical Simulation of the Chemistry of a 
Rainband. 
W90-10167 2K 


SUBJECT INDEX 


Contribution of Sulfate and Desert Aerosols to 
the Acidification of Clouds and Rain in Israel. 
W90-10168 5B 


Mid-Latitude Northern Hemisphere Background 
Sulfate Concentration in Rainwater. 
W90-10169 2B 


Mathematical Modeling of Cloud Chemistry in 
the Los Angeles Basin. 
W90-10170 5B 


Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 


Unified Wet Deposition Data Summaries for 
North America: Data Summary Procedures and 
Results for 1980-1986. 

W90-10212 7A 


Fogwater Chemistry at Riverside, California. 
W90-10324 5B 


Elements in the Precipitation of S. Paulo City 
(Brazil). 
W90-10325 5B 


Characteristics of the Background Air Quality. 
W90-10351 5B 


CHERNOBYL 


Deposition of Chernobyl Caesium-137 in Heavy 
Rain and Its Persistent Uptake by Grazing 
Sheep. 

WS0-09708 5B 


Lessons to Be Drawn from the Performance of a 
Conventional Drinking Water Treatment Plant 
During Fallout from the Chernobyl Accident 
(Enseignments Relatifs aux Performances d’Une 
Filiere Classique de Traitement d’Eau Potable 
Lors des Retombees de l’Accident de Tcherno- 
byl). 

W90-09980 5B 


CHILE 


Time-Space Variation of the Chemical and 
Physical Composition in the System of Mouth of 
Mantagua Stream, Chile (Variacion Espacio- 
Temporal de Caracteristicas Quimicas y Fisicas 
en Aguas del Sistema de Desembocadura del 
Estero de Mantagua, Chile). 

W90-10199 2L 


CHINA 


Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 

W90-10238 2L 


Development of Groundwater for Agriculture 
in the Lower Yellow River Alluvial Basin. 
W90-10364 3F 


Efficient Conjunctive Use of Surface and 
Groundwater in the People’s Victory Canal. 
W90-10365 3F 


All Is Not Wells in North China: Irrigation in 
Yucheng County. 
W90-10366 3F 


Recent Trends and Regional Differentiation of 
Snow Variation in China. 
W90-10375 2¢ 


Analysis of Evaporation Coefficient From Ice 
Surfaces During the Freezing Season in North- 
ern China. 

W90-10378 2D 


Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 

W90-10380 2C 


CHLORINATION 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90-10382 2C 


Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2C 


Numerical Classification of Glaciers in China by 
Means of Glaciological Indices at the Equilibri- 
um Line. 

W90-10387 2C 


CHLORDANE 
Treatment of Chlordane-Contaminated Water 
by the Activated Rotating Biological Contactor. 
W90-10198 5F 


CHLORIDES 
Laboratory Determination of Chloride Diffusion 
Coefficient in an Intact Shale. 
W90-10171 5B 


Effects of Road Deicing Salt on Chloride Levels 
in Four Adirondack Streams. 
W90-10204 5B 


Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


CHLORINATED AROMATIC COMPOUNDS 
Kinetics of Chloroguaiacols and Other Chlorin- 
ated Phenolic Derivatives in Rainbow Trout 
(Salmo Gairdneri). 

W90-10142 5B 


CHLORINATED HYDROCARBONS 
Hexachlorobenzene Uptake by Fathead Min- 
nows and Macroinvertebrates in Recirculating 
Sediment/Water Systems. 

W90-09591 5B 


Biological and Physical Factors Affecting the 
Body Burden of Organic Contaminants in Fresh- 
water Mussels. 

W90-09592 5B 


Bleidner Vapour Phase Extraction Technique 
for the Determination of Organochlorine Com- 
pounds in Lake Sediments. 

W90-09774 7B 


Microscale Processes in Porous Media: Trans- 
port of Chlorinated Benzenes in Porous Aggre- 
gates. 

W90-09887 5B 


Patterns of Cyclic Organochlorine Contamina- 
tion in Livers of Male Pleuronectiformes from 
the North Sea, Winter 1987. 

W90-10243 5B 


Parachlorophenol Degradation Using Bioaug- 
mentation. 
W90-10309 5D 


Biotransformation of Trichloroethane (TCA) in 
Groundwater. 
W90-10511 5G 


CHLORINATION 
Chemiluminescence Sensor with Uranine Immo- 
bilized on an Anion-Exchange Resin for Moni- 
toring Free Chlorine in Tap Water. 
W90-09626 5F 


Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
W90-09631 5F 


Fluorescent-Antibody Method Useful for De- 
tecting Viable but Nonculturable Salmonella 
spp. in Chlorinated Wastewater. 

W90-09635 5D 





CHLORINATION 


Disinfection of Bacteria in Water Systems by 
Using Electrolytically Generated Copper: Silver 
and Reduced Levels of Free Chlorine. 


W90-09662 SF. 


Chlorination, Water Hardness and Serum Cho- 
lesterol in Forty-six Wisconsin Communities. 
W90-09739 5F 


Degradation of Methomy] in Chlorinated Water. 
W90-10132 5B 


High-Rate Coliform Disinfection of Stormwater 
Overflow. 
W90-10317 5D 


CHLORINE 
Solubility of Major Species in Precipitation: 
Factors of Variation. 
W90-10210 2K 


CHLORINE DIOXIDE 
Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
W90-09631 5F 


CHLOROPHYLL 
Field and Laboratory Studies on Nile Phyto- 
plankton in Egypt IV. Phytoplankton of Aswan 
High Dam Lake (Lake Nassar). 
W90-09700 2H 


High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 

W90-10301 2H 


Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2C 


Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 

W90-10455 2H 


Primary Production, Chlorophyll, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


CHLOROPHYLL A 
Analysis of Surface Chlorophyll a Distribution 
and Satellite Data in Omura Bay. 
W90-10267 2H 


CHROMATOGRAPHY 
New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 
W90-09590 5A 


Sensitive Chromatographic Method for the De- 
tection of Pyruvyl Groups in Microbial Poly- 
mers from Sediments. 

W90-10302 2H 


CHRONIC TOXICITY 
Evaluation of a 14-Day Static Renewal Toxicity 
Test with Daphnia magna Straus. 
W90-09596 5A 


CIVIL ENGINEERING 
Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


CLAMS 
Effects of Diflubenzuron on Shell Formation of 


the Freshwater Clam, Anodonta cygnea. 
W90-09593 5C 


Growth, Biomass, Mortality, Production and 
Potential Yield of the West African Clam, 
Egeria radiata (Lamarck) (Lamellibranchia, 
Donacidae) in the Cross River System, Nigera. 
W90-10268 2H 
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CLARIFIERS 
Diagram for Designing and Operating Second- 
ary Clarifiers According to the Thickening Cri- 
terion. ; 
W90-10313 5D 


CLASSIFICATION 
Macroinvertebrates in Dutch Ditches: A Typo- 
logical Characterization and the Status of the 
Demmerik Ditches. 
W90-09734 2H 


Management, Monitoring and Classification--An 
Overview. 
W90-09767 5G 


Numerical Classification System to Determine 
Overall Site Suitability for Subsurface 
Wastewater Disposal. 

W90-09947 SE 


Water Quality-Discharge Relationships in the 
Yukon River Basin, Canada. 
W90-10451 2E 


Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 

W90- 10455 2H 


CLAY LINERS 
Clay Lining of Leaking Earth Dams. 
W90-10163 8A 


CLAYS 
Segregation Potential--Pressure--Salinity Rela- 
tionships Near Thermal Steady State for a 
Clayey Silt. 
W90-10172 2G 


CLEANUP 
Soil Clean Up by in-situ Surfactant Flushing: III. 
Laboratory Results. 
W90-09675 5G 


Vaporizing VOCs. 
W90-10213 5G 


CLEANUP OPERATIONS 
Subsurface Migration of Hazardous Wastes. 
W90-09836 5B 


Microbiology of Subsurface Wastes. 
W90-09840 5B 


Department of Defense Installation Restoration 
Program: Remedial Action on Waste Disposal 
Sites (Oct 80 - Oct 89). 

W90-10037 5G 


Biodeterioration of Oil Spills (Jan 70 - Apr 89). 
W90-10058 5G 


Uranium Mill Tailings Remedial Action Project: 
A Retrospection. 
W90-10103 5B 


Aquifer Contamination and Restoration at the 
Gloucester Landfill, Ontario, Canada. 
W90-10522 5B 


CLIMATE CHANGES 
Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 
W90-09894 2B 


CLIMATES 
Modeling the Effects of Amazonian Deforest- 
ation on Regional Surface Climate: A Review. 
W90-09712 2A 


Climate as a Factor in Siting Septic Tank Filter 
Fields. 
W90-09948 5D 


Importance of Climatic Conditions for the 
Structure of Mollusc Communities in European 
Lakes (Importance des Conditions Climatiques 


dans la Differenciation des Peuplements Malaco- 
logiques de Lacs Europeens). 
_ W90-10260 2H 


CLIMATIC CHANGES 
Anticipating the Frequency Distribution of Pre- 
cipitation If Climate Change Alters Its Mean. 
Ww90-09711 2B 


Stability of Crop Coefficients under Different 
Climate and Irrigation Management Practices. 
W90-09784 3F 


Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 

W90-10380 2C 


CLIMATIC DATA 


Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 

W90-09772 2A 


Daily Observations: Necessity, Ritual or Imposi- 
tion. 


W90- 10294 TA 


Recent Trends and Regional Differentiation of 
Snow Variation in China. 
W90- 10375 2C 


Time-Series Analysis of Mass Balance and Local 
Climatic Records from Four Northwestern 
North American Glaciers. 

W90-10386 2C 


CLIMATOLOGY 
Precipitation Retrieval over Land and Ocean 
with the SSM/I: Identification and Characteris- 
tics of the Scattering Signal. 
W90-09622 7B 


Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 

W90-09637 2H 


Evapotranspiration in a Greenhouse-Warmed 
World: A Review and Simulation. 
W90-09710 2D 


Anticipating the Frequency Distribution of Pre- 
cipitation If Climate Change Alters Its Mean. 
W90-09711 2B 


Modeling the Effects of Amazonian Deforest- 
ation on Regional Surface Climate: A Review. 
W90-09712 2A 


Physical Response of Winter Orographic Clouds 
over the Sierra Nevada to Airborne Seeding 
Using Dry Ice or Silver Iodide. 

W90-09786 3B 


Long-term Variability of the Tropical African 
Rainbelt and Its Relation to Rainfall in the Sahel 
and Northern Kalahari. 

W90-09803 2B 


Convective and Stratiform Components of a 
Winter Monsoon Cloud Cluster Determined 
from Geosynchronous Infrared Satellite Data. 
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cipitation Amount Climatologies. 
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Possibilities and Limitations of Rainfall Analysis 
for Predicting Crop-available Water (Uncertain- 
ties in the Length of the Rainy Season). 
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Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 

W90-09894 2B 


Isotopic Composition of Precipitation and 
Groundwater in Canada. 
W90-09982 2A 


Upper Air Trough Axis Orientation and the 
Spatial Distribution of Rainfall over Israel. 
W90-10293 2B 


Time Scale of Land Surface Hydrology in Re- 
sponse to Initial Soil Moisture Anomalies: A 
Case Study. 
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Recent Trends and Regional Differentiation of 
Snow Variation in China. 
W90-10375 2c 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90-10487 2C 


CLOUD CHEMISTRY 
Wet, Occult and Dry Deposition of Pollutants 
on Forests. 
W90-09709 5B 


Physical Response of Winter Orographic Clouds 
over the Sierra Nevada to Airborne Seeding 
Using Dry Ice or Silver Iodide. 

W90-09786 3B 


Mathematical Modeling of Cloud Chemistry in 
the Los Angeles Basin. 
W90-10170 5B 


Dynamic Chemical Characterization of Montane 
Clouds. 
Ww90-10211 2B 


CLOUD PHYSICS 
Physical Response of Winter Orographic Clouds 
over the Sierra Nevada to Airborne Seeding 
Using Dry Ice or Silver Iodide. 
W90-09786 3B 


Convective and Stratiform Components of a 
Winter Monsoon Cloud Cluster Determined 
from Geosynchronous Infrared Satellite Data. 
W90-09804 2B 


Scavenging of Atmospheric Pollutants by 
Clouds and Precipitation by Means of a Vertical 
Wind Tunnel. Phase 1 (Auswaschen von Atmos- 
pharischen Spurenstoffen durch Wolken und 
Niederschlag mittels eines Vertikalen Windkan- 
als). 

W90-10062 2K 


CLOUD SEEDING 
Physical Response of Winter Orographic Clouds 
over the Sierra Nevada to Airborne Seeding 
Using Dry Ice or Silver Iodide. 
W90-09786 3B 


CLOUDS 
Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 
W90-09787 2B 


COAGULATION 
Coagulation of Iron Oxide Particles in the Pres- 
ence of Organic Materials: Application of Sur- 
face Chemical Model. 
W90-09869 2K 


COAL 
Atmospheric Pollution in Beijing, China, as Re- 
corded in Sediments of the Summer Palace 
Lake. 
W90-10214 5B 
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COAL MINING 


Compilation of Mean Annual Suspended-Sedi- 
ment Yields for Selected Streams Draining 
Basins Within and Adjacent to Coal Fields in the 
Eastern United States. 

W90-09889 2J 


Traveltime and Reaeration of Selected Streams 
in the North Platte and Yampa River Basins, 
Colorado. 

W90-09897 4C 


Hydrogeologic Investigations Conducted to Es- 
timate Ground Water Flow Rates into a Surface 
Mining Pit Using a Computer Model. 

W90-10072 2F 


Surface and Ground Water Protection as Relat- 
ed to Public Minerals. 
W90-10079 5G 


COAL MINING EFFECTS 


Semi-Empirical Method for Predicting Hydro- 
logic Impacts of Underground Mining in Frac- 
ture-Controlled Groundwater Flow Systems. 
W90- 10083 


Predicting the Impacts of a Logical Mining Unit 
System on the Water Resources of an Area. 
W90-10084 4C 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90- 10088 5B 


Predicting the Influences of Post-Mining Condi- 
tions on Surface and Groundwater Resources. 
W90-10100 4C 


COAST RANGE ALLUVIUM 


Distribution of Wells in the Central Part of the 
Western San Joaquin Valley, California. 
W90-09904 7C 


COASTAL AQUIFERS 


Potential for Saltwater Intrusion into the Upper 
Floridan Aquifer, Hernando and Manatee Coun- 
ties, Florida. 

W90-09528 5B 


Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 

W90-09896 2F 


COASTAL ENGINEERING 


Effect of Breakers on Blocks of Coastal Protec- 
tion Structures. 
W90-10148 8A 


COASTAL WATERS 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Effects of River Water of Different Origin on 
the Growth of Marine Dinoflagellates and Dia- 
toms in Laboratory Cultures. 

W90-09745 2L 


Glacial Meltwater Input to the Alaska Coastal 
Current: Evidence from Oxygen Isotope Meas- 
urements. 

W90-09789 2C 


Calculating the Load of Organic Carbon to the 
Aphotic Zone in Eutrophicated Coastal Waters. 
W90-10242 5B 


COLD REGIONS 
Effects of the Power Plant Cooling Water on © 


the Temperature and Oxygen Conditions of 
Lake Haapajarvi in Winter (Voimalan Jaahdy- 
tysvesien Vaikutus Haapajarven Lampotila-Ja 
Happioloihin Talvella). 

W90-10051 5C 


COLD REGIONS 


Proceedings of the Symposium: Cold Regions 
Hydrology. 
W90- 10434 2C 


Susitna Hydroelectric Project Simulation of 
Reservoir Operation. 
W90-10435 4A 


Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90- 10436 4A 


Modelling Water Levels For a Lake in the Mac- 
Kenzie Delta. 


W90-10437 2H 


Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 


Hydrothermal Modeling of Reservoirs in Cold 
Regions: Status and Research Needs. 
W90-10439 2H 


Watershed Test of Snow Fence to Increase 
Streamflow: Preliminary Results. 
W90-10440 4A 


Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90- 10442 4A 


Ice Jam Flooding - Evolution of New York 
State’s Involvement. 
W90-10443 6F 


Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90-10444 6G 


Seasonal Snow and Aufeis in Alaska’s Taiga. 
W90-10445 2C 


Water Redistribution in Partially Frozen Soil by 
Thermal Neutron Radiography. 
W90-10446 2G 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


Recent Developments in Hydrologic Instrumen- 
tation. 
W90-10448 7B 


Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 

W90-10449 7B 


Simplified Method of Measuring Stream Slope. 
W90-10450 7B 


Water Quality-Discharge Relationships in the 
Yukon River Basin, Canada. 
W90-10451 2E 


Role of Snowcover on Diurnal Nitrate Concen- 
tration Patterns in Streamflow From a Forested 
Watershed in the Sierra Nevada, Nevada, USA. 
W90-10452 2K 


Reservoir Water Quality Simulation in Cold Re- 
gions. 
W90-10453 5A 


Trophic Level Responses to Glacial Meltwater 
Intrusion in Alaskan Lakes. 
W90-10454 2H 





COLD REGIONS 


Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 

W90-10455 2H 


Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 

W90-10456 2C 


Primary Production, Chlorophyll, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 5B 


Thawing of Ground Frost on a Drained and 
Undrained Boreal Wetland Site. 
W90-10459 2C 


Evidence of Groundwater Recharge Through 
Frozen Soils at Anchorage, Alaska. 
W90-10461 2G 


Residential Well Development of a Low Perme- 
ability Bedrock Flow System. 
W90-10462 4B 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Discharge Under an Ice Cover. 
W90-10464 7B 


Hydrology of Two Subarctic Watersheds. 
W90-10465 2A 


Water Balance of the Upper Kolyma Basin. 
W90-10466 7C 


Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
W90-10467 2c 


Estimations of Snowmelting Rate in a Small 
Experimental Site. 
W90-10468 2C 


Methodology for Estimating Design Peak Flows 
for Yukon Territory. 
W90-10469 7C 


Effects of Seasonally Frozen Ground in Snow- 
melt Modeling. 
W90-10470 2E 


Regional Distribution of Stream Icings in 
Alaska. 
W90-10472 2C 


Estimation of Glacier Meltwater Hydrographs. 
W90-10473 7 


Snow Surface Strength and the Efficiency of 
Relocation by Wind. 
W90-10474 2C 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2C 


In Situ Electrical Measurements of Snow Wet- 
ness in a Deep Snowpack in the Sierra Nevada 
Zone of California. 

W90-10476 7B 


Measurements of Snow Layer Water Retention. 
W90-10477 


Precipitation Measured by Dual Gages, Wyo- 
ming-Shielded Gages, and in a Forest Opening. 
W90-10478 2B 


Mass Balance of Snow Cover in the Accumula- 


tion and Ablation Periods. 
W90-10479 Gs 
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Erosion Control for Placer Mining. 
W90-10480 4D 


Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2J 


Modelling Snowmelt Infiltration and Runoff in a 
Prairie Environment. 
W90- 10482 2C 


Using Real-Time (SNOTEL) Data in the 
NWSRFS Model. 
W90-10483 qc 


Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 7 


Recent Developments in Snowmelt-Runoff Sim- 
ulation. 
W90-10485 71C 


Role of Glacierized Basins in Alaskan Hydrolo- 
gy. 
W90-10486 2C 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90- 10487 2C 


Forecast Procedure For Jokulhlaups on Snow 
River in Southcentral Alaska. 
W90-10488 4A 


Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90-10489 2J 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2c 


Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 
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Operational Demonstration of Monitoring 
Snowpack Conditions Utilizing Digital Geosta- 
tionary Satellite Data on an Interactive Comput- 
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Applying a Snowmelt-Runoff Model Which Uti- 
lizes Landsat Data in Utah’s Wasatch Moun- 
tains. 
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Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 6G 


Structure to Control Ice Formation and Ice Jam 
Flooding on Cazenovia Creek, New York. 
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Freezeup Processes Along the Susitna River, 
Alaska. 
W90-10497 2C 


Growth and Decay of River Ice Covers. 
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riences and Predictions. 
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Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


COLD REGIONS HYDROLOGY 


Proceedings of the Symposium: Cold Regions 
Hydrology. 
W90-10434 2c 


Susitna Hydroelectric Project Simulation of 
Reservoir Operation. 
W90-10435 4A 


Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90- 10436 4A 


Modelling Water Levels For a Lake in the Mac- 
Kenzie Delta. 
W90-10437 2H 


Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 


Hydrothermal Modeling of Reservoirs in Cold 
Regions: Status and Research Needs. 
W90-10439 2H 


Watershed Test of Snow Fence to Increase 
Streamflow: Preliminary Results. 
W90-10440 4A 


Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90-10442 4A 


Ice Jam Flooding - Evolution of New York 
State’s Involvement. 
W90-10443 6F 


Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90-10444 6G 


Seasonal Snow and Aufeis in Alaska’s Taiga. 
W90-10445 2C 


Water Redistribution in Partially Frozen Soil by 
Thermal Neutron Radiography. 
W90-10446 2G 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


Recent Developments in Hydrologic Instrumen- 
tation. 
W90-10448 7B 


Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 

W90-10449 7B 


Simplified Method of Measuring Stream Slope. 
W90-10450 7B 


Water Quality-Discharge Relationships in the 
Yukon River Basin, Canada. 
W90-10451 2E 


Role of Snowcover on Diurnal Nitrate Concen- 
tration Patterns in Streamflow From a Forested 
Watershed in the Sierra Nevada, Nevada, USA. 
W90-10452 2K 


Reservoir Water Quality Simulation in Cold Re- 
gions. 
W90-10453 5A 


Trophic Level Responses to Glacial Meltwater 
Intrusion in Alaskan Lakes. 
W90-10454 2H 





Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 
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Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 

W90-10456 2C 


Primary Production, Chlorophyli, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 5B 


Thawing of Ground Frost on a Drained and 
Undrained Boreal Wetland Site. 
W90-10459 2C 


Probability Distributions of Rain on Seasonally 
Frozen Soils. 
W90-10460 7C 


Evidence of Groundwater Recharge Through 
Frozen Soils at Anchorage, Alaska. 
W90-10461 : 2G 


Residential Well Development of a Low Perme- 
ability Bedrock Flow System. 
W90-10462 4B 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Discharge Under an Ice Cover. 
W90-10464 7B 


Hydrology of Two Subarctic Watersheds. 
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Water Balance of the Upper Kolyma Basin. 
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Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
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Estimations of Snowmelting Rate in a Small 
Experimental Site. 
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COLIFORMS 
Coliforms as a Measure of Sewage Contamina- 
tion of the River Zambezi. 
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High-Rate Coliform Disinfection of Stormwater 
Overflow. 
W90-10317 5D 


COLORADO 
Traveltime and Reaeration of Selected Streams 
in the North Platte and Yampa River Basins, 
Colorado. 
W90-09897 4C 


Geohydrology and Ground-Water Quality at the 
Pueblo Depot Activity Landfill Near Pueblo, 
Colorado. 

W90-09902 2F 


Semi-Empirical Method for Predicting Hydro- 
logic Impacts of Underground Mining in Frac- 
ture-Controlled Groundwater Flow Systems. 
W90-10083 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90- 10088 5B 


Federal Reserved Water Rights for Designated 
Wilderness Areas and Other Specific Manage- 
ment Areas. 

W90-10089 6E 
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Predicting the Influences of Post-Mining Condi- 
tions on Surface and Groundwater Resources. 
W90-10100 4C 


Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90-10444 6G 


COLORADO RIVER 
Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 
W90-10076 6D 


COLORADO RIVER BASIN 
Water Marketing and Rate Setting for Water for 
Energy in the Upper Colorado River Basin. 
'W90-10090 6C 


COLORIMETRY 
Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 
W90-09604 7B 


COLUMBIA RIVER 
Survey of Columbia River Basin Streams for 
Columbia Pebblesnail and Shortface Lanx. 
W90-09615 2H 


COMMENCEMENT BAY 
Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 
W90-10144 5C 


COMMUNITY DEVELOPMENT 
Outreach--Coming Together to Help Small 
Communities. 
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New York State Self-Help Support System 
Technical Assistance as a Method w Sce've 
Wastewater Treatment Problems. 
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Sanitary Surveys for Small Rural Communities. 
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Design of Small Community Sewage Systems 
with Microcomputers. 

W90-09935 5D 


Impact of Water and Mineral Development 
Projects on a Rural Community and Its Educa- 
tion Programs. 
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COMPARISON STUDIES 
Comparison of Parallel and Serial Distribution 
of Septic Tank Effluent. 
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Federal Reserved Water Rights for Designated 
Wilderness Areas and Other Specific Manage- 
ment Areas. 
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COMPLIANCE 
Compliance with Instream Flow Agreements in 
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COMPOST 
Measurement of Soil Respiration in the Field: 
Influence of Temperature, Moisture Level, and 
Application of Sewage Sludge Compost and 
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COMPOSTING 
Sewage Sludge Treatment by Composting (Jan 
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Design of Small Community Sewage Systems 
with Microcomputers. 
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COMPUTER MODELING 
Real-Time Reservoir Operations by Mathemati- 
cal Programming. 
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COMPUTER MODELS 
Hydrology and Sedimentology Modelling on Il- 
linois Agricultural Watersheds. 
W90-09553 6A 


In Situ  Bioreclamation 
Groundwater. 
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PUMPMOD: A Simulation Model for Multi- 
pump Rice Irrigation Systems. 
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Real-Time Operation of Tanshui River Reser- 
voirs. 
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Reservoir Storage Reallocation Analysis with 
PC. 
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Environmental Support System for Estuarine 
Water-Quality Management. 
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Simplified Soil-Water Balance Models to Predict 
Crop Transpiration. 
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Geochemistry of Organic Acids in Subsurface 
Waters. 
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to Mass Diffusion via Porosity Changes. 
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Simulation of Molybdate Transport With Differ- 
ent Rate-Controlled Mechanisms. 
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Constant-Capacitance Surface Complexation 
Model: Adsorption in Silica-Iron Binary Oxide 
Suspensions. 
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Expert Systems to Support Geochemical Model- 
ing. 
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Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 
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Hydrogeology of a Hazardous-Waste Disposal 
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nessee. 
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Predicting The Groundwater Flow Field Under 
Large Soil Absorption Systems Using a Simple 
Two-Dimensional, Analytical Model. 
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Hydrogeologic Investigations Conducted to Es- 
timate Ground Water Flow Rates into a Surface 
Mining Pit Using a Computer Model. 

W90-10072 2F 


Water Management Using Interactive Computer 
Simulation. 
W90-10106 7B 





COMPUTER MODELS 


IUH of General Hydrologic System Model. 
W90-10115 7¢ 


Modelling Geomorphological Systems. 
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Review of the Bases of Geomorphological Mod- 
elling. 
W90-10335 2J 


Modelling Landform Change. 
W90-10346 2J 


Computer Simulation in Geomorphology. 
W90-10348 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90- 10404 5B 


Deterministic Methods for Sensitivity and Un- 
certainty Analysis in Large Scale Computer 
Models. 

W90-10411 7C 


Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 


Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 7C 


Application of the Random Walk Method to 
Simulate the Transport of Kinetically Adsorbing 
Solutes. 

W90-10505 5B 


COMPUTER PROGRAMS 
Reservoir Storage Reallocation Analysis with 
PC. 
W90-09673 4A 


Environmental Support System for Estuarine 
Water-Quality Management. 
W90-09674 5G 


Chemical Modeling of Aqueous Systems II. 
W90-09846 2K 


Chemical Modeling of Aqueous Systems. 
W90-09847 2K 


Current Status of the EQ3/6 Software Package 
for Geochemical Modeling. 
W90-09854 2K 


Geochemical Modeling of Water-Rock Interac- 
tions Using SOLMINEQ.88. 
W90-09855 2K 


Application of the Pitzer Equations to the 
PHREEQE Geochemical Model. 
W90-09856 2K 


Reconstruction of Reaction Pathways in a Rock- 
Fluid System Using MINTEQ. 
W90-09857 5B 


Numerical Simulation of Coadsorption of Ionic 
Surfactants With Inorganic Ions on Quartz. 
W90-09866 2K 


Expert Systems to Support Geochemical Model- 


ing. 
W90-09872 7C 


Design of Small Community Sewage Systems 
with Microcomputers. 
W90-09935 5D 


Real-Time Reservoir Operations by Mathemati- 
cal Programming. 

W90-10107 7B 
Computer Irrigation Scheduling. 

W90- 10322 3F 
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COMPUTERS 
Functional Requirements of Computer Systems 
for the U.S. Geological Survey, Water Re- 
sources Division, 1988-97. 
W90-09535 10B 


Computer Irrigation Scheduling. 
W90-10322 3F 


Operational Demonstration of Monitoring 
Snowpack Conditions Utilizing Digital Geosta- 
tionary Satellite Data on an Interactive Comput- 
er System. 

W90-10492 7B 


CONCRETE CONSTRUCTION 
Underwater Construction with Concretes (Jan 
70 - Jul 89). 
W90-10040 8F 


CONCRETE DAMS 
Effects of Aggressive Water on Dam Concrete. 
W90-09646 8F 


Review of Roller Compacted Concrete Dams in 
the 1980s. 
W90-09647 8F 


Design and Construction of the Tashkumyr 
RCC Dam, USSR. 
W90-09648 8A 


CONDUCTANCE 


Numerical Modeling of Platinum Eh Measure- 
ments by Using Heterogeneous Electron-Trans- 
fer Kinetics. 

W90-09873 2K 


Energetics and Conservative Properties of 
Redox Systems. 
W90-09875 2K 


CONFERENCES 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90-10404 5B 


CONFINED AQUIFERS 


Simulation of the Transport of the C-14 in the 
Total Dissolved Inorganic Carbon (DIC) in 
Confined Aquifers Using a Convective-Disper- 
sive Approach (Simulation du Transport du Car- 
bone 14 du CITD dans le Aquifers Captifs par 
une Approche Convecto-Dispersive). 

W90-09958 2F 


Stable Isotopic Composition of Groundwater of 
Central California as an Indicator of Mid-Pleis- 
tocene Tectonic Evolution. 

W90-09963 2F 


Phreatic-Confined Discontinuities and Restrict- 
ed Flow in Confined Groundwater Systems. 
W90-09975 2F 


CONFINED GROUNDWATER 
Piezometer Installation and Monitoring Under 
Artesian Conditions. 
W90-10116 7B 


CONJUNCTIVE USE 
Efficiency in Irrigation: The Conjunctive Use of 
Surface and Groundwater Resources. 
W90-10358 3F 


Efficient Use of Surface Water and Groundwat- 
er in Irrigation: An Overview of the Issues. 
W90-10359 3F 


Efficient Conjunctive Use of Surface and 
Groundwater in the People’s Victory Canal. 
W90-10365 3F 


All Is Not Wells in North China: Irrigation in 
Yucheng County. 
W90-10366 3F 


Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 
W90-10369 3F 


Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


Irrigation Management and Scheduling: Study 
of an Irrigation System in India. 
W90-10373 3F 


CONNECTICUT 
Fiscal Year Program Report (Connecticut Insti- 
tute of Water Resources). 
W90-09518 9D 


Contribution of Selected Toxic Chemicals To 
Groundwater from Domestic On-Site Sewage 
Disposal Systems. 
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Aphotic Zone in Eutrophicated Coastal Waters. 
W90-10242 5B 


DISSOLVED OXYGEN 
Annual and Diel Oxygen Regime in Two Polder 
Ditches. 
W90-09732 2H 


Rates of Inorganic Oxidation Reactions Involv- 
ing Dissolved Oxygen. 
W90-09876 2K 


Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 


W90-10238 2L 


DISSOLVED SOLIDS 
Use of Model-Generated Fe(3+-) Ion Activities 


to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 
W90-09874 2K 


Energetics and Conservative Properties of 
Redox Systems. 
W90-09875 2K 


Isotopic Analysis of Groundwater Flow Sys- 
tems in a Wet Alluvial Fan, Southern Nepal. 
W90-09978 2F 


DISTRIBUTION 
Withdrawal and Distribution of Water by Public 
Water Supplies in Ohio, 1985. 
W90-09893 3D 


DISTRIBUTION PATTERNS 
Distribution Patterns of Oligochaetes in the 
English Lake District. 
W90-10258 2H 


Water Redistribution in Partially Frozen Soil by 
Thermal Neutron Radiography. 
W90-10446 2G 


DISTRICT OF COLUMBIA 
Fiscal Year 1988 Program Report (District of 
Columbia Water Resources Research Center). 
W90-09520 9D 


DITCHES 
Hydrobiological Research in 
Ditches. 
W90-09731 2H 


Peat Polder 


Annual and Diel Oxygen Regime in Two Polder 
Ditches. 
W90-09732 2H 


Release of Sedimentary Nitrogen and Phospho- 
rus in Polder Ditches of a Low-Moor Peat Area. 
W90-09733 2H 


Macroinvertebrates in Dutch Ditches: A Typo- 
logical Characterization and the Status of the 
Demmerik Ditches. 

W90-09734 2H 


Macroinvertebrates in the Demmerik Ditches 
(The Netherlands): The Role of Environmental 
Structure. 

W90-09735 2H 


DIURNAL VARIATION 
Role of Snowcover on Diurnal Nitrate Concen- 
tration Patterns in Streamflow From a Forested 
Watershed in the Sierra Nevada, Nevada, USA. 
W90-10452 2K 


DIVERSION 
Recommendation and Evaluation of a Mitigative 
Flushing Flow Regime Below a High Mountain 
Diversion. 
W90- 10086 4A 


DOMESTIC WATER 


Ground-Water Use by Public Supply Systems in 
Tennessee in 1985. 
W90-09541 6D 


Residential Well Development of a Low Perme- 
ability Bedrock Flow System. 
W90- 10462 4B 


DOMINICAN REPUBLIC 


Isotopic and Hydrogeological Studies in the 
Southwest of the Dominican Republic (Estudios 
Isotopico e Hidrogeologico en el Suroeste de la 
Republica Dominicana). 

W90-09969 4B 


DRAG LINE IRRIGATION 
Drag Line Irrigation: Practical Experiences with 
Sugar Cane. 
W90-09563 3F 


DRAINAGE 
Polders. 
W90-09996 


DRAINAGE EFFECTS 
Influence of Irrigation and Drainage. 
W90-10392 2F 


Impact of Agriculture on Groundwater in Ire- 
land. 
W90-10397 4c 


DRAINAGE ENGINEERING 
Linear and Nonlinear Solution of the Boussinesq 
Equation for the Bi-Level Drainage Problem. 
W90-09656 4B 


DRAINAGE PATTERNS 
Evaluation of Excess Pore Pressures and Drain- 
age Conditions Around Driven Piles Using the 
Cone Penetration Test with Pore Pressure Meas- 
urements. 
W90-10174 2G 


Network Models in Geomorphology. 
W90-10338 





DRAINAGE SYSTEMS 
Linear and Nonlinear Solution of the Boussinesq 
Equation for the Bi-Level Drainage Problem. 
W90-09656 4B 


Experimental Groundwater Draw Down Using 
a Curtain Drain on a Henry Soil in Jefferson 
County, Arkansas. 

W90-09942 5D 


Influence of Irrigation and Drainage. 
W90-10392 2F 


DRAINAGE WATER 
Nitrogen Additions and Losses to Drainage in 
Orchard-Type Irrigated Lysimeters. 
W90-09601 5B 


DRAWDOWN 
Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 
W90-09896 2F 


Experimental Groundwater Draw Down Using 
a Curtain Drain on a Henry Soil in Jefferson 
County, Arkansas. 

W90-09942 5D 


DREDGING 
Effects of Changes in Turbidity and Phosphate 
Influx on the Ecosystem of the Ems Estuary as 
Obtained by a Computer Simulation Model. 
W90-09686 2L 


Dredging: Technology and Environmental As- 
pects (Jan 78 - Dec 88). 
W90- 10044 8H 


DREDGING WASTES 
Study of the Evolution of Dredged Material 
Discharges by Means of Radioactive Tracers. 
W90-09990 


Dredging: Technology and Environmental As- 
pects (Jan 78 - Dec 88). 
W90-10044 8H 


DRILLING 
Impact of Water and Mineral Development 
Projects on a Rural Community and Its Educa- 
tion Programs. 
W90-10080 5G 


DRINKING WATER 
Selected Ground-Water Quality Data for the 
Southern Part of the Fort Hall Indian Reserva- 
tion, Southeastern Idaho, July 1989. 
W90-09537 5B 


Selected Ground-Water Quality Data for the 
Area Near Fort Hall, Fort Hall Indian Reserva- 
tion, Southeastern Idaho, June 1989. 

W90-09538 5B 


Chemiluminescence Sensor with Uranine Immo- 
bilized on an Anion-Exchange Resin for Moni- 
toring Free Chlorine in Tap Water. 

W90-09626 SF 


Efficacy of beta-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 

W90-09628 SA 


Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
W90-09631 5F 


Effects of Ozone, Chlorine Dioxide, Chlorine, 
and Monochloramine on Cryptosporidium 
parvum Oocyst Viability. 

W90-09634 5F 


Disinfection of Bacteria in Water Systems by 


Using Electrolytically Generated Copper: Silver 
and Reduced Levels of Free Chlorine. 


W90-09662 SF 


SUBJECT INDEX 


Development of an Automated High-Perform- 
ance Liquid Chromatographic Method for the 
On-Line Pre-Concentration and Determination 
of Trace Concentrations of Pesticides in Drink- 
ing Water. 

W90-09663 SA 


Determination of Chlorpyrifos in Water by 
Large-Volume Direct Aqueous Injection Capil- 
lary Gas Chromatography. 

W90-09664 5A 


Chlorination, Water Hardness and Serum Cho- 
lesterol in Forty-six Wisconsin Communities. 
W90-09739 5F 


Measurement of the Personal Cost of Illness Due 
to Some Major Water-related Diseases in an 
Indian Rural Population. 

W90-09740 5C 


Lessons to Be Drawn from the Performance of a 
Conventional Drinking Water Treatment Plant 
During Fallout from the Chernobyl Accident 
(Enseignments Relatifs aux Performances d’Une 
Filiere Classique de Traitement d’Eau Potable 
Lors des Retombees de I’Accident de Tcherno- 
byl). 

W90-09980 5B 


Heavy Metals in Drinking Water: Standards, 
Sources, and Effects (Jan 77 - Dec 88). 
W90-10049 5B 


Small Water Treatment Systems in the 1990s. 
W90-10219 5F 


Studies on the Earthy-Musty Odours in Natural 
Water: IV. Mechanism of Earthy-Musty Odour 
Production of Actinomycetes. 

W90-10298 5F 


DRIP IRRIGATION 


Low Head Drip Irrigation System for Small- 
holdings. 
W90-09564 3F 


Importance of Irrigation Regime, Dripline 
Placement and Row Spacing in the Drip Irriga- 
tion of Sugar Cane. 

W90-09567 3F 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Experience with Approximately 600 Hectare of 
Drip Irrigation at Simunye Sugar Estate, Swazi- 
land. 

W90-09572 3F 


Soil Physics and Irrigation: Tapping the Poten- 
tial for Drip. 
W90-09573 3F 


Soil Water Status: A Concept for Characterising 
Soil Water Conditions Beneath a Drip Irrigated 
Row Crop. 

W90-09574 3F 


Control of Drip Irrigation of Sugarcane Using 
‘Index’ Tensiometers: Some Comparisons with 
Control by the Water Budget Method. 

W90-09575 3F 


Influence of Drip Irrigation Emission Rate on 
Distribution and Drainage of Water Beneath a 
Sugar Cane and a Fallow Plot. 

W90-09578 3F 


Comparative Study of the Financial and Eco- 
nomic Viability of Drip and Overhead Irrigation 
of Sugarcane in Mauritius. 

W90-09582 3F 


Problems of Running an Efficient Irrigation 
System on a Small Holder Project. 
W90-09583 3F 


DROUGHT MANAGEMENT 


Assessment of Drip Irrigation of Sugar Cane on 
Poorly Structured Soils in Swaziland. 
W90-09584 3F 


Effect of Spatial Variability on the Estimation of 
the Soluble Salt Content in a Drip-Irrigated 
Saline Loam Soil. 

W90-09654 3F 


Effect of Drip-Line Placement and Residue In- 
corporation on the Growth of Drip-Irrigated 
Cotton. 

'W90-09750 3F 


Tomato and Sweet Pepper Response to Furrow, 
Microsprinkler and Drip Irrigation. 
W90-10295 3F 


DROUGHT 
Water Deficit Development in Old and New 
Soybean Cultivars. 
W90-09586 3F 


Drought Research Priorities for the Dryland 
Tropics. 
W90-09811 3F 


Calculated Soil-Water Balances as Tools to 
Evaluate Crop Performance in Drought-prone 
Regions. 

W90-09815 3F 


Identifying Crops and Cropping Systems with 
Greater Production Stability in Water-deficit 
Environments. 

W90-09818 3F 


Selecting Crops and Cropping Systems for 
Water-limited Environments. 
W90-09819 3F 


Principles of Crop and Soil Management Proce- 
dures for Maximizing Production per Unit Rain- 
fall. 

W90-09820 3F 


Opportunities for Productive Use of Rainfall 
Normally Lost to Cropping for Temporal or 
Spatial Reasons. 

W90-09821 3F 


Development of Management Strategies for 
Minimizing the Impact of Seasonal Rainfall Var- 
iation. 


W90-09822 3F 


Adaptation Mechanisms of Noncultivated Arid- 
Zone Plants: Useful Lessons for Agriculture. 
W90-09824 3F 


DROUGHT CONTINGENCY PLANS 
Managing Public Water Supplies During 
Droughts, Experiences in the United States in 
1986 and 1988. 
W90-09513 3D 


DROUGHT EFFECTS 
Interpreting the Results from Simulated 
Drought Experiments. 
W90-098 14 3F 


Principles of Crop Use, Dry Matter Production, 
and Dry Matter Partitioning that Govern 
Choices of Crops and Systems. 

W90-098 16 3F 


Drought: Consequences on Natural Surround- 
ings, Health, and the Environment (La Secher- 
esse: Consequences sur le Milieu, Salubrite, En- 
vironnement). 


W90-10328 2E 


DROUGHT MANAGEMENT 
Managing Public Water Supplies During 
Droughts, Experiences in the United States in 
1986 and 1988. 
W90-09513 3D 





DROUGHT RESISTANCE 


DROUGHT RESISTANCE 
Adaptation Mechanisms of Noncultivated Arid- 


Zone Plants: Useful Lessons for Agriculture. 
W90-09824 3F 


Critical Evaluation of the Possibilities for Modi- 
fying Crops for High Production per Unit of 
Precipitation. 

W90-09825 3F 


Breeding for Improved Plant Performance in 
Drought-prone Environments. 
W90-09826 3F 


DRY DEPOSITION 
Wet, Occult and Dry Deposition of Pollutants 
on Forests. 
W90-09709 5B 


DRY FARMING 
Plant Density and Nitrogen Fertilizer on Pearl 
Millet Production in Niger. 
W90-09718 3F 


Dryland Farming Tillage and Water-Harvesting 
Guidelines for the Yemen Arab Republic. 
W90-09751 2G 


Drought Research Priorities for the Dryland 
Tropics. 
W90-098 11 3F 


Principles of Crop Use, Dry Matter Production, 
and Dry Matter Partitioning that Govern 
Choices of Crops and Systems. i 

W90-09816 3F 


EARTH DAMS 


Upgrading of Dams in New South Wales. 
W90-09643 8A 


Clay Lining of Leaking Earth Dams. 
W90-10163 8A 


EBRO RIVER 
Phytoplankton of the Ebro Delta Bays (Fito- 
plancton de las bahias del delta del Ebro). 
W90-09742 5C 


ECOLOGICAL EFFECTS 
Perspectives for the Ecological Management of 
Regulated Rivers. 
W90-09998 4A 


Evaluation of Intact Soil-Core Microcosms for 
Determining Potential Impacts on Nutrient Dy- 
namics by Genetically Engineered Microorga- 
nisms. 

W90-10134 i 


Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90- 10444 6G 


ECOLOGY 
Rain Forests of the Ok Tedi Headwaters, New 
Guinea: An Ecological Analysis. 
W90-10223 21 


ECONOMIC ASPECTS 
Managing Groundwater Pollution from Agricul- 


ture Related Sources: An Economic Analysis. 
W90-09516 6B 


Measurement of the Personal Cost of Illness Due 
to Some Major Water-related Diseases in an 
Indian Rural Population. 

W90-09740 sxc 


Efficient Management of Multiple Water 
Sources, Given a Range of Quality Levels and 
User Quality Requirements. 

W90-09907 6A 


New York State Self-Help Support System 
Technical Assistance as a Method to Solve 
Wastewater Treatment Problems. 

W90-09910 5D 


SU-24 


SUBJECT INDEX 


Sewage Treatment Costs and Economics (Jan 79 
- Jun 87). 
W90- 10036 5D 


Sewage Treatment Costs and Economics (Jul 87 
- Jul 89). 


W90-10039 sD 


Impact of Water and Mineral Development 
Projects on a Rural Community and Its Educa- 
tion Programs. 

W90-10080 5G 


Water Marketing and Rate Setting for Water for 
Energy in the Upper Colorado River Basin. 
W90-10090 6C 


Acquisition and Management 
Water Rights in the Arid West. 
W90-10091 6D 


of Industrial 


Economic Evaluation of Urban Flood Damage 
Reduction Plans. 
W90-10117 6C 


Crop Yield: Economic Considerations of Deficit 
Irrigation. 
W90-10119 3F 


Economic Evaluation of Indirect Sludge Drying 
Prior to Incineration Processes. 
W90-10316 5D 


Market Failure and the Efficiency of Irrigated 
Agriculture. 
W90-10360 3F 


Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 

W90-10362 3F 


Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 
W90-10369 3F 


Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


ECONOMIC EFFICIENCY 
Incidence of Environmental Degradation: a Case 
Study of Acid Mine Drainage. 
W90-10217 5C 


Market Failure and the Efficiency of Irrigated 
Agriculture. 
W90-10360 3F 


ECONOMIC EVALUATION 
Managing Groundwater Pollution from Agricul- 
ture Related Sources: An Economic Analysis. 
W90-09516 6B 


ECONOMIC FEASIBILITY 
Improvement of Lake Water Quality by Paying 
Farmers to Abate Nonpoint Source Pollution. 
W90-09555 5G 


ECOSYSTEMS 
Post-Defaunation Recovery of Fish Assem- 
blages in Southeastern Blackwater Streams. 
W90-09612 2H 


Ecosystem Metabolism and Turnover of Organ- 
ic Carbon Along a Blackwater River Continu- 
um. 


W90-09613 2H 


Rain Forests of the Ok Tedi Headwaters, New 
Guinea: An Ecological Analysis. 
W90-10223 


Lotic Vegetation Dynamics Following Disturb- 
ance Along the Swan and Apsley Rivers, Tas- 
mania, Australia. 

W90-10224 2H 


EDGE-MATCHING 
Review of Edgematching Procedures for Digital 
Cartographic Data Used in Geographic Infor- 
mation Systems (GIS). 
W90-09536 Te 


EFFLUENTS 
Physico-Chemical and Biological Properties of 
Effluent-affected Soil at Varanasi, India. 
W90-10215 5C 


EGYPT 
Field and Laboratory Studies on Nile Phyto- 
plankton in Egypt IV. Phytoplankton of Aswan 
High Dam Lake (Lake Nassar). 
W90-09700 2H 


Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. II. 
Isolation and Identification of Purple Non-sulfur 
Bacteria (Rhodospirillaceae). 

W90-09701 2H 


Chemical and Ecological Studies on Tilapia nilo- 
tica. 
W90-09760 5B 


EKLUTNA LAKE 
Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90-10489 2J 


ELBE RIVER 
Long-Term Changes of the Annual Cycles of 
Meteorological, Hydrographic, Nutrient and 
Phytoplankton Time Series at Helgoland and at 
LV ELBE 1 in the German Bight. 
W90-10237 5C 


ELECTRIC POWER INDUSTRY 
Identifying Emerging Water Issues for Electric 
Utilities. 
W90-10070 6D 


ELECTRIC POWERPLANTS 
Challenge in Water Supply Planning: Achieving 
a Balance Between Industry Needs and Agricul- 
ture in Emery County, Utah. 
W90-10093 6D 


ELECTRICAL EQUIPMENT 
Snowy Mountains Refurbishment Project. 
W90-09644 8C 


ELECTROCHEMISTRY 
Numerical Modeling of Platinum Eh Measure- 
ments by Using Heterogeneous Electron-Trans- 
fer Kinetics. 
W90-09873 2K 


Electrochemical Processes in Environmental 
Protection (Elektrochemische Umwelttechnik). 
W90-10175 


ELECTROLYTES 
Chemical Modeling of Aqueous Systems II. 
W90-09846 


Activity Coefficients in Aqueous Salt Solutions: 
Hydration Theory Equations. 
W90-09848 2K 


Models for Aqueous Electrolyte Mixtures for 
Systems Extending from Dilute Solutions to 
Fused Salts. 

W90-09850 2K 


Solubility of Volatile Electrolytes in Multicom- 
ponent Solutions with Atmospheric Applica- 
tions. 


W90-09851 5B 


EMBANKMENTS 
Monitoring and Management of the Construc- 
tion of an Earth Embankment by Means of a 


Computer-Based Varying Numerical Model. 
W90-10147 8A 





EMERGENCY RESPONSE INDEX 
Toxic Spill Index (Emergency Response Index). 
W90-10183 5B 


EMS ESTUARY 
Effects of Changes in Turbidity and Phosphate 
Influx on the Ecosystem of the Ems Estuary as 
Obtained by a Computer Simulation Model. 
W90-09686 2L 


ENDANGERED SPECIES 
Survey of Columbia River Basin Streams for 
Columbia Pebblesnail and Shortface Lanx. 
W90-09615 2H 


U.S. Fish and Wildlife Service and the Environ- 
mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 
and Its Impact on Aquatic Weed and Mosquito 
Control. 

W90-10031 4A 


Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 

W90-10076 6D 


ENDANGERED SPECIES ACT 
U.S. Fish and Wildlife Service and the Environ- 
mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 
and Its Impact on Aquatic Weed and Mosquito 
Control. 
W90-10031 4A 


ENERGY 
Comparison of Melt Energy Computations and 
Ablatometer Measurements on Melting Ice and 
Snow. 
W90-10262 2C 


ENERGY SOURCES 

Water Resources Related to Mining and 
Energy-Preparing for the Future. 

W90-10068 5G 


ENGINEERING GEOLOGY 
Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 
W90-10406 SE 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7€ 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90-10433 7c 


ENGLAND 
Long-Term Studies of the Benthic Biology of 
Tees Bay and the Tees Estuary. 
W90-09688 5G 


Humber Estuary--A Case Study. 
W90-09692 5B 


Conservation of British North Sea Estuaries. 
W90-09693 2L 


Wet, Occult and Dry Deposition of Pollutants 
on Forests. 
W90-09709 5B 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


Distribution Patterns of Oligochaetes in the 
English Lake District. 
W90-10258 2H 


Distribution of Agricultural Soil Leachates in 
the Unsaturated Zone of the British Chalk. 
W90- 10399 5B 


SUBJECT INDEX 


ENTEROMORPHA 
Enteromorpha as a Monitor of Heavy Metals in 
Estuaries. 
W90-09691 5A 


ENTHALPY 
Influence of Temperature on Ion Adsorption by 
Hydrous Metal Oxides. 
W90-09868 2K 


ENVIRONMENTAL EFFECTS 
Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


Determination of Hazardous Waste Concentra- 
tion as a Result of Accidental Discharge. 
W90-10127 5B 


River Transport of Phosphorus as Controlled by 
Large Scale Land Use Changes. 
W90-10159 4c 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 SE 


Drought: Consequences on Natural Surround- 
ings, Health, and the Environment (La Secher- 
esse: Consequences sur le Milieu, Salubrite, En- 
vironnement). 

W90-10328 2E 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 6G 


ENVIRONMENTAL ENGINEERING 
Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


Evaluation of Runoff and Erosion from Surface- 
Mined Areas. 
W90-10111 4C 


ENVIRONMENTAL IMPACT 
Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 
W90-10076 6D 


Accounting for Environmental Quality in Water 
Resources Planning. 
W90-10110 6G 


Industrial Waste. 
W90-10124 5D 


Mitigation of Wetland Impacts. 
W90-10333 5G 


ENVIRONMENTAL IMPACT STATEMENT 
Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90-10444 6G 


ENVIRONMENTAL POLICY 
Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 
W90-10076 6D 


Water for Mineral Development: Acquisition 
and Development of the Right. 
W90- 10092 6E 


Incidence of Environmental Degradation: a Case 
Study of Acid Mine Drainage. 
W90-10217 5C 


ENVIRONMENTAL PROTECTION 
U.S. Fish and Wildlife Service and the Environ- 
mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 
and Its Impact on Aquatic Weed and Mosquito 
Control. 
W90-10031 4A 


EROSION CONTROL 


Electrochemical Processes in Environmental 
Protection (Elektrochemische Umwelttechnik). 
W90-10175 5D 


Wetlands. 
W90-10332 2H 


Mitigation of Wetland Impacts. 
W90-10333 5G 


ENVIRONMENTAL QUALITY 
Accounting for Environmental Quality in Water 
Resources Planning. 
W90-10110 6G 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 5E 


ENVIRONMENTAL TRACERS 
Investigation of Sediment Transport in the Aus- 
trian Part of the Danube Using Environmental 
Isotopes. 
W90-09989 2J 


ENZYMES 
Influence of Environmental Factors on Nitrate 
Reductase Activity in Freshwater Phytoplank- 
ton. 
W90-09730 2H 


EQUILIBRIUM 
Equilibrium Models in Geomorphology. 
W90-10327 


EROSION 
Sediment Delivery Ratio Prediction Equations 
for Short Catchment Slopes in a Humid Tropical 
Environment. 
W90-09800 2J 


Evaluation of Runoff and Erosion from Surface- 
Mined Areas. 
Ww90-10111 4C 


Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 

W90-10186 25 


Experimental Transplanting of Seagrasses in 
Botany Bay, Australia. 
W90-10245 2L 


Dry Aggregate Size Distribution of Sandy Soils 
as Influenced by Tillage and Precipitation. 
W90-10253 3F 


Modelling Geomorphological Systems. 
W90-10334 2J 


Modelling Erosion on Hillslopes. 
W90-10344 2J 


Modelling Landform Change. 
W90-10346 2J 


Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2J 


EROSION CONTROL 
Improvement of Lake Water Quality by Paying 
Farmers to Abate Nonpoint Source Pollution. 
W90-09555 5G 


Channel Engineering and Erosion Control. 
W90-10003 4A 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90-10099 5G 


Water Balance Study of Two Landfill Cover 
Designs for Semiarid Regions. 
W90-10191 5E 





EROSION CONTROL 


Farmers’ Response to a Filter Strip Program: 
Results from a Contingent Valuation Survey. 
W90-10232 5G 


Erosion Control for Placer Mining. 
W90-10480 4D 


ERROR ANALYSIS 
Chemical Modeling of Aqueous Systems. 
W90-09847 2K 


Ion-Association Models and Mean Activity Co- 
efficients of Various Salts. 
W90-09849 2K 


Troubleshooting Ultrasonic Level Meters. 
W90-10220 7B 


ESCHERICHIA COLI 
Efficacy of beta~-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 
W90-09628 SA 


Survival of Genetically Engineered Escherichia 
coli in Natural Soil and River Water. 
W90-10296 5B 


Coliforms as a Measure of Sewage Contamina- 
tion of the River Zambezi. 
W90-10297 5B 


ESTIMATING EQUATIONS 
Estimating Extreme Events: Log Pearson Type 
3 Distribution. 
W90-10113 7C 


ESTUARIES 
Environmental Support System for Estuarine 
Water-Quality Management. 
W90-09674 5G 


Nature of Outflows from the North-East Estu- 
aries. 
W90-09683 aL 


Effects of Changes in Turbidity and Phosphate 
Influx on the Ecosystem of the Ems Estuary as 
Obtained by a Computer Simulation Model. 

W90-09686 2L 


Long-Term Studies of the Benthic Biology of 
Tees Bay and the Tees Estuary. 
W90-09688 5G 


Phytoplankton Primary Production and Nutri- 
ents in the Oosterschelde (The Netherlands) 
During the Pre-Barrier Period 1980-1984. 
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tion; Breede River, Western Cape Province, 
R.S.A. 

W90-10517 5B 


Groundwater Hydrology and Salinity in a 
Valley in Northeast Thailand. 
W90-10518 2F 


Acid Percolation and Disintegration, Transfor- 
mation and Mobilization of Some Substances in 
Finnish Quaternary Deposits. 

W90-10520 5B 


Effectiveness of Hydraulic Methods for Control- 
ling Groundwater Contamination. 
W90-10521 5G 


GEOLOGIC FRACTURES 
Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90- 10415 2F 


Effect of Variable Fracture Permeability/Matrix 
Permeability Ratios on Three-Dimensional Frac- 
tured Rock Hydraulic Conductivity. 

W90-10421 2F 


Three-Dimensional Geometric Modelling of a 
Fracture Network. 
W90- 10422 7C 


Some Recent Observations of Channeling in 
Fractured Rocks-Its Potential Impact on Radio- 
nuclide Migration. 

W90- 10423 2F 


GEOMORPHOLOGY 


Transport of Dissolved Substances in Fissured 
Granite. 
W90-10424 2F 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Equivalent Permeability of Statistically Simulat- 
ed Single Fractures. 
W90-10426 2F 


GEOLOGICAL SURVEYS 
Functional Requirements of Computer Systems 
for the U.S. Geological Survey, Water Re- 
sources Division, 1988-97. 


W90-09535 10B 


GEOMORPHOLOGY 
Flood Hydrograph Estimation from Arid Catch- 
ment Morphology. 
W90-09775 2E 


Holocene Evolution of an Estuarine Coast and 
Tidal Wetlands. 
W90-10176 2L 


Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, 
Mountains, New Mexico. 

W90-10177 2J 


Pattern and Origin of Stepped-Bed Morphology 


in High-Gradient Streams, Western Cascades, 
Oregon. 


W90-10178 2J 


Jemez 


Modelling Geomorphological Systems. 
W90-10334 2J 


Review of the Bases of Geomorphological Mod- 
elling. 

W90-10335 2J 
Applications of Catastrophe Theory in Fluvial 


Geomorphology. 
W90- 10336 2J 


Equilibrium Models in Geomorphology. 
W90-10337 2J 


Network Models in Geomorphology. 
W90-10338 


Mathematical Models of Channel Morphology. 
W90-10339 2J 


Flow Processes and Data Provision for Channel 
Flow Models. 
W90-10340 25 


Hydrology and Sediment Models. 
W90-10341 25 


Models of Sediment Transport in Natural 
Streams. 
W90-10342 2J 


Stochastic Models of Sediment Yield. 
W90-10343 2J 


Hillslope Solute Modelling. 
W90-10345 


Modelling Landform Change. 
W90-10346 2J 


Restrictions on Hillslope Modelling. 
W90-10347 2J 


Computer Simulation in Geomorphology. 
W90-10348 2J 


Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2J 





GEORGIA 


GEORGIA 
Flood Frequency of the Savannah River at Au- 
gusta, Georgia. 
W90-09545 2E 


Fiscal Year 1988 Program Report (Georgia 
Water Research Institute). 
W90-09558 9D 


GEOSTATISTICS 
Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90-10408 5G 


Three-Dimensional Geometric Modelling of a 
Fracture Network. 
W90-10422 7c 


MUCK--A Novel Approach to Co-Kriging. 
W90-10427 7C 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7 


GEOTEXTILES 
Geotextiles (Jan 83 - Sep 89). 
'W90-10033 8G 


GEOTHERMAL STUDIES 
Uncertainty in Forecasting Breakthrough of 
Fluid Transported Through Fractures. 
W90-10417 2F 


GEOTHERMAL WATER 
Isotopic Characterization of the Thermomineral 
Waters of the Franco-Italian Northern Alps 
(Caracterisation Isotopique des Eaux Thermo- 
minerales des Alpes du Nord Franco-Italiennes). 
W90-09952 2F 


Hydrology of Rotorua Geothermal Aquifer, 
New Zealand. 
W90-09953 2F 


Geochemistry of Thermal Fluids in the Yangba- 
jain Area (Tibet/China). 
W90-09954 2F 


Uncertainty in Forecasting Breakthrough of 
Fluid Transported Through Fractures. 
W90-10417 2F 


GLACIAL AQUIFERS 
Aquifer Contamination and Restoration at the 
Gloucester Landfill, Ontario, Canada. 
W90-10522 5B 


GLACIAL DEPOSITS 
Lateral Movement of Contaminated Ground 
Water from Merrill Field Landfill, Anchorage, 
Alaska. 
W90-09514 5B 


GLACIAL LAKES 
Trophic Level Responses to Glacial Meltwater 
Intrusion in Alaskan Lakes. 
W90-10454 2H 


Forecast Procedure For Jokulhlaups on Snow 
River in Southcentral Alaska. 
W90-10488 4A 


Suspended Sediment Budget of a Glacier-Fed 


Lake - Eklutna Lake, Alaska. 
W90-10489 2J 
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GLACIAL SEDIMENTS 
Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. 
W90-09861 5B 


GLACIAL STREAMS 
Glacial Meltwater Input to the Alaska Coastal 
Current: Evidence from Oxygen Isotope Meas- 
urements. 
W90-09789 2C 


GLACIAL VARIATION 
Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 
W90-10380 2C 


GLACIER CLASSIFICATION 
Numerical Classification of Glaciers in China by 
Means of Glaciological Indices at the Equilibri- 
um Line. 
W90-10387 2C 


GLACIER MASS BALANCE 
Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2C 


Time-Series Analysis of Mass Balance and Local 
Climatic Records from Four Northwestern 
North American Glaciers. 

W90-10386 a 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2C 


GLACIER SURGES 
Some Aspects of Glacier Hydrology in the 
Upper Susitna and Maclaren River Basins, 
Alaska. 
W90-10471 2C 


GLACTERS 
Geochemistry of Subglacial Calcites: Implica- 
tions for the Hydrology of the Basal Water 
Film. 
W90-10261 2C 


Snow Cover and Glacier Variations. 
W90-10374 ac 


Mathematical Model of Snowmelt and Water 
Percolation Processes in Snow and Firn. 
W90-10376 2C 


Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 

W90-10380 ys 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90-10382 2C 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 


Glacial Changes in the Tien Shan Mountains as 
Revealed by Bioindicators: Time-Series Analysis 
and Interpretation. 

W90-10384 2c 


Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2c 


Time-Series Analysis of Mass Balance and Local 
Climatic Records from Four Northwestern 
North American Glaciers. 

W90-10386 2C 


Numerical Classification of Glaciers in China by 
Means of Glaciological Indices at the Equilibri- 
um Line. 

W90-10387 2C 


Some Aspects of Glacier Hydrology in the 
Upper Susitna and Maclaren River Basins, 
Alaska. 

W90-10471 yd 


Role of Glacierized Basins in Alaskan Hydrolo- 
gy: 
W90-10486 2C 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2C 


GLACIOHYDROLOGY 


Glacial Meltwater Input to the Alaska Coastal 
Current: Evidence from Oxygen Isotope Meas- 
urements. 

W90-09789 2C 


Geochemistry of Subglacial Calcites: Implica- 
tions for the Hydrology of the Basal Water 
Film. 

W90-10261 2C 


Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2c 


Proceedings of the Symposium: Cold Regions 
Hydrology. 
W90-10434 2C 


Trophic Level Responses to Glacial Meltwater 
Intrusion in Alaskan Lakes. 
W90- 10454 2H 


Some Aspects of Glacier Hydrology in the 
Upper Susitna and Maclaren River Basins, 
Alaska. 

W90-10471 2C 


Estimation of Glacier Meltwater Hydrographs. 
W90-10473 7C 


Role of Glacierized Basins in Alaskan Hydrolo- 
gy. 
W90-10486 2C 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90-10487 2C 


Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90-10489 2J 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2C 


GLACIOLOGY 


Geochemistry of Subglacial Calcites: Implica- 
tions for the Hydrology of the Basal Water 
Film. 

Ww90-10261 2c 


Snow Cover and Glacier Variations. 
W90-10374 2e 


Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 

W90-10380 2C 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90-10382 2c 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 





Glacial Changes in the Tien Shan Mountains as 
Revealed by Bioindicators: Time-Series Analysis 
and Interpretation. 

W90-10384 2C 


Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2C 


Time-Series Analysis of Mass Balance and Local 
Climatic Records from Four Northwestern 
North American Glaciers. 

W90-10386 2C 


Numerical Classification of Glaciers in China by 
Means of Glaciological Indices at the Equilibri- 
um Line. 

W90-10387 2C 


GLOBAL WARMING 
Evapotranspiration in a Greenhouse-Warmed 
World: A Review and Simulation. 
'W90-09710 2D 


Anticipating the Frequency Distribution of Pre- 
cipitation If Climate Change Alters Its Mean. 
W90-09711 2B 


Climate-Induced Water Availability Changes in 
Europe. 
W90-09727 6D 


Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 

W90-09772 2A 


Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 

W90-09894 2B 


GLYPHOSATE 
Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 
W90-09606 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 2. Persistence in Foliage and Soils. 
W90-09607 5B 


GOVERNMENTAL INTERRELATIONS 
Outreach--Coming Together to Help Small 
Communities. 

W90-09909 5D 


GRADING 
Erosion Control for Placer Mining. 
W90-10480 4D 


GRANITES 
Transport of Dissolved Substances in Fissured 
Granite. 
W90-10424 2F 


GRANULAR ACTIVATED CARBON 
Granular Activated Carbon in Water Treatment. 
W90-10129 5F 


Adsorption and Desorption of Perchloroethy- 
lene in Soils, Peat Moss, and Granular Activated 
Carbon. 

W90-10233 5B 


GRASSES 
Effects of Flurprimidol, Mefluidide, and Soil 
Moisture on St. Augustinegrass Evapotranspira- 
tion Rate. 
W90-09605 3F 


GRASSLANDS 
Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 SE 


GRAVITY DAMS 


Upgrading of Dams in New South Wales. 
W90-09643 8A 
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GRAVITY FLOW 


Flow Distribution by Gravity Flow in Perforat- 
ed Pipe. 
W90-09933 5D 


GRAZING 


Elevated Levels of Nitrate in Ground Water 
Beneath Intensively Grazed Pastureland in New 
Zealand. 

W90-10398 5B 


GREENHOUSE EFFECT 


Evapotranspiration in a Greenhouse-Warmed 
World: A Review and Simulation. 
'W90-09710 2D 


Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 

W90-09772 2A 


GREENLAND 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90-10487 2C 


GROUNDWATER 


Water-Resources Appraisal of the Lake Tra- 
verse Indian Reservation in South Dakota. 
W90-09526 2F 


Water Resources Data, Arizona, Water Year 
1988. 


W90-09531 7C 


Water Resources Data, Washington, Water Year 
1988. 
W90-09532 71C 


Estimating Pumping Time and Ground-Water 
Withdrawals Using Energy-Consumption Data. 
W90-09543 2F 


Geology and Ground-Water Resources of the 
Fort Pillow Sand in Western Tennessee. 
W90-09544 2F 


Geochemistry of Organic Acids in Subsurface 
Waters. 


W90-09859 2K 


Expert Systems to Support Geochemical Model- 
ing. 
W90-09872 7C 


Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 

W90-09874 2K 


Energetics and Conservative Properties of 
Redox Systems. 
W90-09875 2K 


Rates of Inorganic Oxidation Reactions Involv- 
ing Dissolved Oxygen. 
W90-09876 2K 


Solubilities of Aluminum Hydroxides and Oxy- 
hydroxides in Alkaline Solutions. 
W90-09878 2K 


Copper Complexation by Natural Organic 
Matter in Ground Water. 
W90-09885 2K 


Ground-Water Resources of the Upper White 
River Basin in Arkansas. 
W90-09890 2F 


Isotopic Composition of Precipitation and 
Groundwater in Canada. 
W90-09982 2A 


Polders. 
W90-09996 2H 


GROUNDWATER DATING 


Advanced Remote Sensing Approaches in 
Groundwater Exploration. 
W90-10069 2F 


Ground Water Quality Protection, Mining, and 
Mining Facilities in Utah. 
W90-10094 5G 


Predicting the Influences of Post-Mining Condi- 
tions on Surface and Groundwater Resources. 
W90-10100 4C 


Impact of Agricultural Activities on Ground 
Water. 
W90-10388 5B 


Atmosphere-Soil-Plant System and the Water 
Cycle. 
W90-10389 2A 


Movement of Agrochemicals in the Unsaturated 
and Saturated Zones. 
W90-10390 5B 


Impact of Fertilizers and Pesticides on Ground- 
water Quality. 
W90-10391 5B 


Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
W90- 10444 6G 


GROUNDWATER AVAILABILITY 
Geology and Ground-Water Resources of the 
Fort Pillow Sand in Western Tennessee. 
W90-09544 2F 


Ground-Water Resources of the Upper White 
River Basin in Arkansas. 
W90-09890 2F 


GROUNDWATER BARRIERS 
Effectiveness of Hydraulic Methods for Control- 
ling Groundwater Contamination. 
W90-10521 5G 


GROUNDWATER BASINS 
Reclaimed Wastewater Storage in Ground- 
Water Basins. 
W90-09666 3C 


Isotope Study of the Oruro-Caracollo Basin (Bo- 
livia) (Estudio Isotopico de la Cuenca de Oruro- 
Caracollo (Bolivia)). 

W90-09968 2F 


GROUNDWATER CHEMISTRY 
Groundwater Cation Concentrations in the Ri- 
parian Zone of a Forested Headwater Stream. 
W90-09776 2K 


Use of Natural N-15 Isotope Tracing to Reveal 
Mixtures in Complex Aquifers (Utilisation du 
Tracage Isotopique Naturel de l’Azote 15 pour 
la Mise en Evidence de Melanges dans les Aqui- 
feres Complexes). 

Ww90-09971 2F 


Chemical Causes of Groundwater Movement. 
W90-10509 2K 


GROUNDWATER DATING 
Field Study on the Initial C-14 Content as a 
Limiting Factor in C-14 Groundwater Dating. 
W90-09955 2F 


Isotopic and Geochemical Studies Investigating 
the Genesis of Carbon Isotope Content in Young 
Groundwaters. 

W90-09956 2F 


Groundwater Dating with Helium Isotopes. 
W90-09957 2F 


Silicon-32 in Different Aquifer Types and Impli- 
cations for Groundwater Dating. 
W90-09959 2F 





GROUNDWATER DATING 


Modern and Fossil Groundwater in an Arid 
Environment: A Look at the Hydrogeology of 
Southern Oman. 

W90-09960 2F 


Determination of the Flow Regime of Quater- 
nary and Pliocene Layers in the Great Hungari- 
an Plain (Hungary) by D, O-18, C-14 and Noble 
Gas Measurements. 

W90-09970 2F 


Isotopic Research on the Groundwaters in the 
Calcareous Formations in Southern Dobruja 
(Romania) (Recherches Isotopiques sur les Eaux 
Souterraines des Formations Calcaires dans la 
Dobroudja Meridionale (Roumanie)). 

W90-09976 2F 


Environmental Isotope Study of the Deep 
Groundwaters in Northern Switzerland. 
W90-09977 2F 


GROUNDWATER DEPLETION 
Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 
W90-10362 3F 


GROUNDWATER EVAPORATION 
Groundwater Evaporation from East-Saharian 
Depressions by Means of Deuterium and 
Oxygen-18 in Soil Moisture. 

W90-09961 2D 


GROUNDWATER IRRIGATION 
Application of Remote Sensing and Soil Water 
Balance Simulation Models to Determine the 
Effect of Groundwater Extraction on Crop Eva- 
potranspiration. 
W90-09651 2D 


Minimal Irrigation on Small Agricultural Water- 
sheds with Red Soils in Semi-Arid Tropics of 
Andhra Pradesh, India. 

W90-09657 3F 


Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 

W90-10362 3F 


Development of Groundwater for Agriculture 
in the Lower Yellow River Alluvial Basin. 
W90-10364 3F 


Efficient Conjunctive Use of Surface and 
Groundwater in the People’s Victory Canal. 
W90-10365 3F 


Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


Groundwater as a Constraint to Irrigation. 
W90-10372 3F 


GROUNDWATER LEVEL 
Ground-Water Levels in Arkansas, Spring 1989. 
W90-09540 2F 


Ground-Water Levels and Flow Near the Indus- 
trial Excess Landfill, Uniontown, Ohio. 
W90-09892 2F 


GROUNDWATER MANAGEMENT 
Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 
W90-09896 2F 


Isotopic and Hydrogeological Studies in the 
Southwest of the Dominican Republic (Estudios 
Isotopico e Hidrogeologico en el Suroeste de la 
Republica Dominicana). 

W90-09969 4B 


Surface and Ground Water Protection as Relat- 


ed to Public Minerals. 
W90-10079 5G 
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Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 

W90-10362 3F 


Development of Groundwater for Agriculture 
in the Lower Yellow River Alluvial Basin. 
W90- 10364 3F 


Review of Groundwater Management Models. 
W90-10367 2F 


Mathematical Models. 
W90-10393 5G 


Impact of Agriculture on Groundwater in Ire- 
land. 
W90-10397 4C 


GROUNDWATER MOVEMENT 
Hydrologic Activities of the U.S. Geological 
Survey in Support of the Radionuclide Migra- 
tion Program, Nevada Test Site and Vicinity, 
Nye County, Nevada, Fiscal Year 1987. 
W90-09539 2F 


Geochemical and Isotopic Study of Groundwat- 
er Flow Paths in a Volcanic Area under Semi- 
arid Climatic Conditions (Exemple d’Etude 
Geochimique et Isotopique de Circulations 
Aquiferes en Terrain Volcanique sous Climat 
Semi-aride). 

W90-09794 2F 


Interpretation of Pump-Test Data from a Dis- 
used Underground Mine. 
W90-09796 2F 


Analysis of an Aquifer-Water Table Aquitard 
System. 
W90-09799 2F 


Hazardous-Waste Leachate Management. 
W90-09834 SE 


Subsurface Migration of Hazardous Wastes. 
W90-09836 5B 


Introduction. 
W90-09837 5B 


Composition of Hazardous Wastes. 
W90-09838 5A 


Principles of Groundwater Flow. 
W90-09839 2F 


Control of Subsurface Migration. 
W90-09845 5G 


Ground-Water Levels and Flow Near the Indus- 
trial Excess Landfill, Uniontown, Ohio. 
W90-09892 2F 


Geohydrology and Ground-Water Quality at the 
Pueblo Depot Activity Landfill Near Pueblo, 
Colorado. 

W90-09902 2F 


Hydrogeology of a Hazardous-Waste Disposal 
Site Near Brentwood, Williamson County, Ten- 
nessee. 

W90-09903 2F 


Predicting The Groundwater Flow Field Under 
Large Soil Absorption Systems Using a Simple 
Two-Dimensional, Analytical Model. 

W90-09941 2F 


Water Movements in the Unsaturated Zone and 
Recharge of the Aquifer in the Champagne 
Chalk (France): Isotopic and Chemical Ap- 
proaches Mouvements de |’Eau dans la Zone 
Non Saturee et Alimentation de la Nappe de la 
Craie de Champagne (France). 

W90-09972 2F 


Phreatic-Confined Discontinuities and Restrict- 
ed Flow in Confined Groundwater Systems. 
W90-09975 2F 


Environmental Isotope Study of the Deep 
Groundwaters in Northern Switzerland. 
W90-09977 2F 


Isotopic Analysis of Groundwater Flow Sys- 
tems in a Wet Alluvial Fan, Southern Nepal. 
W90-09978 2F 


Isotopic Investigation of Groundwater in the 
Cul-de-Sac Plain, Haiti. 
W90-09979 2F 


Comparative Study of Two Tracer Methods for 
Determining the Hydrodynamic Parameters of 
Porous, Saturated Aquifers (Etude Comparative 
de Deux Methodes de Traceurs pour la Determi- 
nation des Parametres Hydrodynamiques des 
Aquiferes Poreux Satures). 

W90-09987 7B 


Survey of Applications of Non-Radioactive but 
Neutron Activatable Groundwater Tracers. 
W90-09988 7B 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Hydrogeologic Investigations Conducted to Es- 
timate Ground Water Flow Rates into a Surface 
Mining Pit Using a Computer Model. 

W90-10072 2F 


Semi-Empirical Method for Predicting Hydro- 
logic Impacts of Underground Mining in Frac- 
ture-Controlled Groundwater Flow Systems. 

W90-10083 4C 


Monte Carlo Simulations of Unsaturated Flow 
Through Layered Volcanic Tuffs at Yucca 
Mountain, Nevada. 

W90-10098 5B 


Predicting the Influences of Post-Mining Condi- 
tions on Surface and Groundwater Resources. 
W90-10100 4C 


Movement of Agrochemicals in the Unsaturated 
and Saturated Zones. 
W90-10390 5B 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90-10404 5B 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 SE 


Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 

W90-10406 SE 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 5E 


Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 

W90-10413 5E 





Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90-10415 2F 


Some Uncertainties About Uncertainty. 
W90-10416 5E 


Uncertainty in Forecasting Breakthrough of 
Fluid Transported Through Fractures. 
W90-10417 2F 


Parameter Sensitivity and Importance for Radio- 
nuclide Transport in Double-Porosity Systems. 
W90-10419 5B 


Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 
port. 

W90-10420 5B 


Effect of Variable Fracture Permeability/Matrix 
Permeability Ratios on Three-Dimensional Frac- 
tured Rock Hydraulic Conductivity. 

W90-10421 2F 


Three-Dimensional Geometric Modelling of a 
Fracture Network. 
W90-10422 71C 


Some Recent Observations of Channeling in 
Fractured Rocks-Its Potential Impact on Radio- 
nuclide Migration. 

W90-10423 2F 


Transport of Dissolved Substances in Fissured 
Granite. 
W90-10424 2F 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Equivalent Permeability of Statistically Simulat- 
ed Single Fractures. 
W90-10426 2F 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Nondispersive Description of Dispersion for 
Simulation of Solute Transport in a Large 
System. 

W90-10502 5B 


Inverse Modelling of Flow and Transport. 
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Hydraulic Properties of Soils as Affected by 
Surface Application of Septage. 
W90-09946 5E 


Influence of the Hydraulic Characteristics of 
River Reaches on the Propagation of Flood 
Peaks (Influence des Caracteristiques Hydrali- 
ques des Biefs sur la Propagation des Pointes de 
Crue). 

W90-10329 2E 


HYDRAULIC ROUGHNESS 


Field Measurements of the Hydraulic Resistance 
of Sanitary Sewers. 
W90-10234 5D 


HYDRAULIC STRUCTURES 


Geotextiles (Jan 83 - Sep 89). 
W90-10033 8G 


Surge Shaft Stability for 
Schemes. 
W90-10108 8A 


Pumped-Storage 


Quantitative Assessment of the Reliability of 
Dams. 
W90-10145 8A 


Monitoring and Management of the Construc- 
tion of an Earth Embankment by Means of a 
Computer-Based Varying Numerical Model. 

W90-10147 8A 


Effect of Breakers on Blocks of Coastal Protec- 
tion Structures. 
W90-10148 8A 


Designs of Inlet Works at the Intersection of a 
Canal with a Stream. 
W90-10151 8A 


Principles of Optimization of the Design of the 
Turukhan Hydroelectric Station Development. 
W90-10155 8C 


Device for Measuring Forces in a Rubble- 
mound Breakwater. 
W90-10235 8B 


Structure to Control Ice Formation and Ice Jam 
Flooding on Cazenovia Creek, New York. 
W90-10496 2C 


HYDRAULICS 


Characteristics of a Sediment-Laden Flow in a 
Canal and Calculation of Reliability. 
W90-10146 8B 


Dissipation of Increased Turbulence of a Flow 
in a Bottom Hydraulic Jump. 
W90-10150 8B 


Calculation of the Longitudinal Flow Velocity 
Field in the Cross Section of Cylindrical Chan- 
nels. 

W90-10152 8B 


Dispersion Relation for Waves on a Current 
Nonuniform in Depth. 
W90-10153 8B 


Mechanotron Transducer of Transverse Veloci- 
ty Fluctuations of the Oncoming Flow. 
W90-10154 8B 


HYDRILLA 


Overview of North Carolina’s Aquatic Weed 
Control Program. 
W90-10014 4A 


SUBJECT INDEX 


HYDROBIOLOGY 


Hydrobiological Research in Peat Polder 


Ditches. 
W90-09731 2H 


HYDROCARBONS 


Managing Drilling Wastes in a Northern Envi- 
ronment. 
W90-10101 5E 


Petroleum Residues in the Waters of the Gulf of 
St. Lawrence. 
W90-10291 5B 


Chemical Oceanography in the Gulf: Present 
and Future. 
W90-10292 2L 


HYDRODYNAMICS 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 SE 


HYDROELECTRIC PLANTS 


Snowy Mountains Refurbishment Project. 
W90-09644 8C 


Investigation of Sediment Transport in the Aus- 
trian Part of the Danube Using Environmental 
Isotopes. 

W90-09989 2J 


Principles of Optimization of the Design of the 
Turukhan Hydroelectric Station Development. 
W90-10155 8C 


Susitna Hydroelectric Project Simulation of 
Reservoir Operation. 
W90-10435 4A 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90-10487 2C 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 


HYDROELECTRIC POWER 


Water Power Development: Low-Head Hydro- 
power Utilization. 
W90-09993 8B 


Identifying Emerging Water Issues for Electric 
Utilities. 
W90-10070 6D 


HYDROELECTRIC POWERPLANTS 


Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90- 10442 4A 


HYDROGEN ION CONCENTRATION 


Factors Contributing to Differences in Acid 
Neutralizing Capacity Among Lakes in the 
Western United States. 

W90- 10095 2H 


Development and Evaluation of an Acid Pre- 
cipitation Monitor for Fractional Event Sam- 
pling with Capability for Real-Time pH, and 
Conductivity Measurement. 

W90-10209 7B 


Ion-Selective Field Effect Transistor for In Situ 
pH Monitoring of Wet Deposition. 
W90-10273 7B 


Growth Characteristics of Plagioselmis sp. 
(strain 87) Causing Freshwater Red Tide in the 
Lower Part of the Nakasuji River, Japan (in 
Japanese). 

W90-10304 2H 


HYDROLOGIC BUDGET 


Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 

W90-10456 2C 


HYDROGEN ISOTOPES 
Isotopic Characterization of the Thermomineral 
Waters of the Franco-Italian Northern Alps 
(Caracterisation Isotopique des Eaux Thermo- 
minerales des Alpes du Nord Franco-Italiennes). 
W90-09952 2F 


HYDROGEN PEROXIDE 

Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 

W90-10207 5D 


Anaerobic Biodegradability and Toxicity of Hy- 
drogen Peroxide Oxidation Products of Phenols. 
W90-10310 5D 


HYDROGEN SULFIDE 
Transport, Metabolism, and Detoxification of 
Hydrogen Sulfide in Animals from Sulfide-Rich 
Marine Environments. 
W90-09625 2L 


HYDROGEOLOGY 
Selected Borehole Geophysical Logs and 
Drillers’ Logs, Northern Coastal Plain of New 
Jersey. 
W90-09888 2F 


Distribution of Wells in the Central Part of the 
Western San Joaquin Valley, California. 
W90-09904 71C 


HYDROGRAPH ANALYSIS 
Determination of Flood Hydrographs for 
Streams in South Carolina: Volume 1. Simula- 
tion of Flood Hydrographs for Rural Water- 
sheds in South Carolina. 
W90-09901 2E 


Runoff Hydrograph Analysis in Agricultural 
Watersheds by Oxygen-18. 
W90-09981 7B 


Estimation of Glacier Meltwater Hydrographs. 
W90-10473 7C 


HYDROGRAPHS 
Estimation of Glacier Meltwater Hydrographs. 
W90-10473 71C 


HYDROGRAPHY 
Review of Edgematching Procedures for Digital 
Cartographic Data Used in Geographic Infor- 
mation Systems (GIS). 
W90-09536 7C 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Long-Term Changes of the Annual Cycles of 
Meteorological, Hydrographic, Nutrient and 
Phytoplankton Time Series at Helgoland and at 
LV ELBE 1 in the German Bight. 

W90- 10237 5C 


HYDROLOGIC BUDGET 
Soil Water Balance and Dry Matter Production 
Model: I. Soil Water Balance of Oat. 
W90-09588 2G 


Role of the Long-term Water Balance in Man- 
agement of Stormwater Infiltration. 
W90-09788 4B 





HYDROLOGIC BUDGET 


Snowmelt of Mt. Hermon and Its Contribution 
to the Sources of the Jordan River. 
W90-09791 2A 


Modeling the Effects of Unsaturated, Stratified 
Sediments on Groundwater Recharge from 
Intermittent Streams. 

W90-09798 2E 


Possibilities and Limitations of Rainfall Analysis 
for Predicting Crop-available Water (Uncertain- 
ties in the Length of the Rainy Season). 

W90-09812 3F 


Hydrological Analysis of Farm Reservoirs in 
Rainfed Rice Areas. 
W90-10161 3B 


Water Balance Study of Two Landfill Cover 
Designs for Semiarid Regions. 
W90-10191 SE 


Time Scale of Land Surface Hydrology in Re- 
sponse to Initial Soil Moisture Anomalies: A 
Case Study. 

W90-10320 2G 


Analysis of the Water Balance and the Water 
Resources in the Mountainous Heihe River 
Basin. 

W90-10381 2A 


Modelling Water Levels For a Lake in the Mac- 
Kenzie Delta. 
W90-10437 2H 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Hydrology of Two Subarctic Watersheds. 
W90-10465 2A 


Water Balance of the Upper Kolyma Basin. 
W90-10466 7C 


Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
W90-10467 2C 


Measurements of Snow Layer Water Retention. 
W90-10477 7B 


Role of Glacierized Basins in Alaskan Hydrolo- 
gy- 
W90-10486 2C 


Glacier-Climate Research for Planning Hydro- 
power in Greenland. 
W90-10487 2C 


HYDROLOGIC CYCLE 
Atmosphere-Soil-Plant System and the Water 
Cycle. 
W90-10389 2A 


HYDROLOGIC DATA 
Water-Resources Activities, South Carolina Dis- 
trict, 1987-88. 
W90-09515 9C 


Water Resources Data, Arizona, Water Year 
1988. 
W90-09531 7C 


Water Resources Data, Washington, Water Year 
1988. 
W90-09532 7C 


Geohydrologic Data for Selected Springs in 
Eastern Nevada Through 1982, with Emphasis 
on White Pine County. 

W90-09534 2F 


Ground-Water Levels in Arkansas, Spring 1989. 
W90-09540 2F 
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Recent Developments in Hydrologic Instrumen- 
tation. 
W90-10448 7B 


Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 

W-0-10449 7B 


HYDROLOGIC DATA COLLECTIONS 
Summary of Fluvial-Sediment Studies in Ohio, 
Through 1987. 

W90-09900 2J 


Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 


W90-10071 71C 


HYDROLOGIC MAPS 
Application of Remote Sensing and Soil Water 
Balance Simulation Models to Determine the 
Effect of Groundwater Extraction on Crop Eva- 
potranspiration. 
W90-09651 2D 


HYDROLOGIC MODELING 
Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 
W90-09894 2B 


HYDROLOGIC MODELS 
Flood Hydrograph Estimation from Arid Catch- 
ment Morphology. 
W90-09775 2E 


Improved Hydrologic Forecasting--Results from 


a WMO Real-Time Forecasting Experiment. 
W90-09792 


Estimation of Runoff-Routing Model Parameters 
Using Incompatible Storm Data. 
W90-09793 2A 


Interpretation of Pump-Test Data from a Dis- 
used Underground Mine. 
W90-09796 2F 


Analysis of an Aquifer-Water Table Aquitard 
System. 
W90-09799 2F 


Modeling Dynamic Hydrothermal Processes by 
Coupling Sulfur Isotope Distributions With 
Chemical Mass Transfer: Approach. 

W90-09863 2K 


Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 

W90-09894 2B 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90- 10088 5B 


Monte Carlo Simulations of Unsaturated Flow 
Through Layered Volcanic Tuffs at Yucca 
Mountain, Nevada. 

W90-10098 5B 


IUH of General Hydrologic System Model. 
W90-10115 71C 


Hydrology and Sediment Models. 
W90-10341 2J 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 SE 


Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90-10442 4A 


Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
W90-10467 2C 


Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 Te 


Recent Developments in Snowmelt-Runoff Sim- 
ulation. 
W90-10485 7C 


Simulation of Groundwater Flow and Redox 
Processes Around Bank-Filtration Wells. 
W90-10507 2F 


Effectiveness of Hydraulic Methods for Control- 
ling Groundwater Contamination. 
W90-10521 5G 


HYDROLOGIC PROPERTIES 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90-10433 7€ 


Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


HYDROLOGICAL REGIME 


Hydrological Regime of Lakes in the Mackenzie 
Delta, Northwest Territories, Canada. 
W90-10263 2H 


HYDROLOGY 


Isotope Techniques in Water Resources Devel- 
opment. 
W90-09951 7B 


Polders. 
W90-09996 2H 


Proceedings of the Symposium: Cold Regions 
Hydrology. 
W90-10434 2C 


HYDROLYSIS 
Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


HYDROTHERMAL STUDIES 
Modeling Dynamic Hydrothermal Processes by 
Coupling Sulfur Isotope Distributions With 
Chemical Mass Transfer: Approach. 
W90-09863 2K 


Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 


ICE 
Light Conditions and Photosynthetic Productiv- 
ity of Ice Algal Assemblages in Lake Saroma, 
Hokkaido. 
W90-09621 2H 


Developments in 
Volume 5. 
W90-09992 8B 


Hydraulic Engineering-- 


Intake Design for Ice Conditions. 
W90-09994 8B 


Snow Cover and Glacier Variations. 
W90-10374 z€ 


Analysis of Evaporation Coefficient From Ice 
Surfaces During the Freezing Season in North- 
ern China. 

W90-10378 2D 


Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 





Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 

W90- 10449 7B 


ICE BREAKUP 

Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 

W90-10438 2C 


Growth and Decay of River Ice Covers. 
W90-10498 2C 


Ice Jams in Regulated Rivers in Norway, Expe- 
riences and Predictions. 
W90-10499 2C 


Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


ICE COVER 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 


Discharge Under an Ice Cover. 
W90- 10464 7B 


Regional Distribution of Stream Icings in 
Alaska. 


W90-10472 2C 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 


ICE FORMATION 


Seasonal Snow and Aufeis in Alaska’s Taiga. 
W90-10445 2C 


Regional Distribution of Stream Icings in 
Alaska. 
W90-10472 2C 


Freezeup Processes Along the Susitna River, 
Alaska. 
W90-10497 2C 


Growth and Decay of River Ice Covers. 
W90- 10498 2C 


ICE JAMS 


Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Ice Jam Flooding - Evolution of New York 
State’s Involvement. 
W90-10443 6F 


Structure to Control Ice Formation and Ice Jam 
Flooding on Cazenovia Creek, New York. 
W90-10496 2C 


Ice Jams in Regulated Rivers in Norway, Expe- 
riences and Predictions. 
W90-10499 2C 


Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


ICE THICKNESS 


Equilibrium State of a Glacier in China as Calcu- 
lated from its Present Characteristics. 
W90-10385 2C 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


ICE-WATER INTERFACES 


Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2C 


SUBJECT INDEX 


IDAHO 
Selected Ground-Water Quality Data for the 
Southern Part of the Fort Hall Indian Reserva- 
tion, Southeastern Idaho, July 1989. 
W90-09537 5B 


Selected Ground-Water Quality Data for the 
Area Near Fort Hall, Fort Hall Indian Reserva- 
tion, Southeastern Idaho, June 1989. 

W90-09538 5B 


Using Real-Time (SNOTEL) Data in the 
NWSRFS Model. 
W90-10483 71C 


ILLINOIS 
Hydrology and Sedimentology Modelling on Il- 
linois Agricultural Watersheds. 
W90-09553 6A 


Fiscal Year 1988 Program Report (Illinois Water 
Resources Center). 
W90-09559 9D 


IMPELLERS 
Slurry Mixing with Impellers: Part 1. Theory 
and Previous Research. 
W90-10179 5D 


Convex Bladed Mixed Flow (CBMF) Impeller: 
A High Performance Agitator for Mixing Slur- 
ries. 

W90-10181 5D 


IMPERIAL VALLEY 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in the Salton Sea Area, Cali- 
fornia, 1986-87. 
Ww90-09529 5B 


IMPERVIOUS SOILS 


Sand-Bentonite Liners: Field Control Methods. 
W90-10173 5G 


IN SITU TESTS 
In Situ Bioreclamation 
Groundwater. 
W90-09557 5G 


IN SITU TREATMENT 
Biotransformation of Trichloroethane (TCA) in 
Groundwater. 
W90-10511 5G 


of Contaminated 


INCINERATION 
Incineration of Hazardous Waste. 
W90-09831 5D 


Economic Evaluation of Indirect Sludge Drying 
Prior to Incineration Processes. 
W90-10316 5D 


INDIA 
Measurement of the Personal Cost of Illness Due 
to Some Major Water-related Diseases in an 
Indian Rural Population. 
W90-09740 5C 


Irrigation Management and Scheduling: Study 
of an Irrigation System in India. 
W90-10373 3F 


INDIANA 
Summary of a 5-Year Monitoring Effort on Al- 
ternative Systems in Indiana. 
W90-09925 5D 


INDICATORS 
New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 
W90-09590 5A 


INDUCED INFILTRATION 
Role of the Long-term Water Balance in Man- 
agement of Stormwater Infiltration. 
W90-09788 4B 


INDUSTRIAL WASTEWATER 


INDUCTION LOGGING 
Determination of Hydraulic Conductivity and 
Porosity Logs in Wells with a Disturbed Annu- 
lus. 


W90-10277 2F 


INDUS RIVER BASIN 
Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 


W90-10369 3F 


INDUSTRIAL WASTES 
Sludge Dewatering: Sewage and Industrial 
Wastes (Jan 78 - Apr 89). 
'W90-10056 5D 


Industrial Waste. 
W90-10124 5D 


Hazardous Waste. 
W90-10125 5D 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: I. Review of the Major 
Elements. 


W90-10184 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: II. Review of the Minor 
Elements. 

W90-10185 5B 


Biodegradation of a Gas Oil Applied to Aggre- 
gates of Different Sizes. 
W90-10189 SF 


Limited Downward Migration of Pollutant 
Metals (Cu, Zn, Ni, and Pb) in Acidic Virgin 
Peat Soils Near a Smelter. 

W90-10203 5B 


INDUSTRIAL WASTEWATER 
Ground-Water Levels and Flow Near the Indus- 
trial Excess Landfill, Uniontown, Ohio. 
W90-09892 2F 


Polychlorinated Biphenyls: Occurrence and 
Treatment in Municipal and Industrial Wastes 
(Jan 77 - Aug 89). 

'W90-10032 5D 


Sewage and Industrial Waste Treatment: Wet- 
lands (Jan 77 - Dec 89). 
W90-10034 5D 


Sludge Dewatering: Industrial Wastes and 
Sewage (Jul 85 - Dec 88). 
W90-10045 5D 


Reaction of Calcite with Dilute Fluoride Solu- 
tions. 
W90-10097 5D 


Heavy Metal Removal with Lignin. 
W90-10182 5D 


Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 

W90-10207 5D 


Physico-Chemical and Biological Properties of 
Effluent-affected Soil at Varanasi, India. 
Ww90-10215 5C 


Recovery of Ammonia from Industrial Waste 
Water (Rueckgewinnung von Ammoniak aus In- 
dustrieabwasser). 

W90-10326 5D 


SU-43 





INDUSTRIAL WATER 


INDUSTRIAL WATER 
Identifying Emerging Water Issues for Electric 
Utilities. 

W90-10070 6D 
Acquisition and Management 


Water Rights in the Arid West. 
W90- 10091 6D 


of Industrial 


INFILTRATION 
Scattering Analog for Infiltration in Porous 
Media. 
W90-09746 2G 


Influence of 25 Years of Continuous Corn Pro- 
duction by Three Tillage Methods on Water 
Infiltration for Two Soils in Ohio. 

W90-09749 2G 


Sediment Delivery Ratio Prediction Equations 
for Short Catchment Slopes in a Humid Tropical 
Environment. 

W90-09800 2J 


Removal Mechanisms for Particulate and Solu- 
ble BOD in Soil Infiltration. 
W90-099 16 5D 


Laboratory Tests of a Theory of Fingering 
During Infiltration into Layered Soils. 
W90-10247 2G 


Tillage and Fertilizer Effects on Water Infiltra- 
tion. 
W90-10254 3F 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Modelling Snowmelt Infiltration and Runoff in a 
Prairie Environment. 
W90-10482 2C 


Transport Processes from Soil Surfaces to 
Groundwaters. 
W90-10513 5B 


INFILTRATION CAPACITY 
Impact of a Gel Conditioner and Water Quality 
upon Soil Infiltration. 
W90-09782 3F 


INFILTRATION RATE 
Modelling the Effect of Depth on Furrow Infil- 
tration. 
W90-10120 3F 


Measuring Soil Hydraulic Properties after Clear- 
ing of Tropical Rain Forest in a Costa Rican 
Soil. 

W90-10321 4C 


INFORMATION SYSTEMS 
Functional Requirements of Computer Systems 
for the U.S. Geological Survey, Water Re- 
sources Division, 1988-97. 
W90-09535 10B 


INFORMATION TRANSFER 
Fiscal Year 1988 Report (Montana Water Re- 
sources Center). 
W90-09517 9D 


Fiscal Year Program Report (Connecticut Insti- 
tute of Water Resources). 
W90-09518 9D 


Fiscal Year 1988 Program Report (Ohio Water 
Resources Center). 
W90-09519 9D 


Fiscal Year 1988 Program Report (Maine Envi- 


ronmental Studies Center). 
W90-09521 9D 
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Fiscal Year 1988 Program Report (Pennsylvania 
Center for Water Resources Research). 
W90-09522 9D 


Fiscal Year 1988 Program Report (Virgin Is- 
lands Water Resources Research Center). 
W90-09523 9D 


Fiscal Year 1988 Program Report (Wisconsin 
Water Resources Center). 
W90-09524 9D 


Fiscal Year 1988 Program Report (West Virgin- 
ia Water Research Institute). 
W90-09547 9D 


Fiscal Year 1988 Program Report (Oregon 
Water Resources Research Institute). 
W90-09548 9D 


Fiscal Year 1988 Program Report (Iowa State 
Water Resources Research Institute). 
W90-09549 9D 


Fiscal Year 1988 Program Report (Florida 
Water ".esources Research Center). 
W90-09551 9D 


Fiscal Year 1988 Program Report (South 
Dakota Water Resources Institute). 
W90-09552 9D 


Fiscal Year 1988 Program Report (Georgia 
Water Research Institute). 
W90-09558 9D 


Fiscal Year 1988 Program Report (Illinois Water 
Resources Center). 
W90-09559 9D 


Fiscal Year 1988 Program Report (Nebraska 
Water Center). 
W90-09560 9D 


Fiscal Year 1988 Program Report (Texas Water 
Resources Institute). 
W90-09561 9D 


INLETS 
Designs of Inlet Works at the Intersection of a 
Canal with a Stream. 
Ww90-10151 8A 


INORGANIC ACIDS 
Evaluation of a 14-Day Static Renewal Toxicity 
Test with Daphnia magna Straus. 
W90-09596 SA 


INORGANIC COMPOUNDS 
Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: I. Review of the Major 
Elements. 
W90-10184 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: II. Review of the Minor 
Elements. 

W90-10185 5B 


INSECT CONTROL 
Evolution of a Mosquito Control Program on a 
Large Inland Impoundment. 
W90-10018 4A 


Overview of Impoundment and Mosquito Man- 
agement Programs in North Carolina. 
W90-10019 44 


Bacillus thuringiensis var. Israelensis (Bti) for 
Larval Mosquito Control. 
W90-10025 4A 


Monitoring Techniques for Mosquitoes Associ- 
ated with Impoundments. 
W90-10029 4A 


INSECTICIDES 
Effects of Diflubenzuron on Shell Formation of 
the Freshwater Clam, Anodonta cygnea. 
W90-09593 po 


Influence of Time of Application of an Insecti- 
cide on Recovery Patterns of a Zooplankton 
Community in Experimental Ponds. 

W90-09597 5C 


Heptachlor Induced Hematological and Bio- 
chemical Changes in the Indian Catfish (Heter- 
opneustes fossilis (Bloch.)). 

W90-09682 5C 


Influence of Chaoborus Density on the Effects 
of an Insecticide on Zooplankton Communities 
in Ponds. 

W90-09728 5C 


Overview of Impoundment and Mosquito Man- 
agement Programs in North Carolina. 
W90-10019 4A 


Degradation of Methomyl in Chlorinated Water. 
W90-10132 5B 


Treatment of Chlordane-Contaminated Water 
by the Activated Rotating Biological Contactor. 
W90-10198 5F 


INSPECTION 
Brick Sewer Life Extended. 
W90-10218 5D 


INSTITUTIONAL CONSTRAINTS 
Efficient Management of Multiple Water 
Sources, Given a Range of Quality Levels and 
User Quality Requirements. 
W90-09907 6A 


INSTREAM FLOW 
Use of Instream Habitat Improvement Method- 
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OXIDATION 

Energetics and Conservative Properties of 
Redox Systems. 

W90-09875 2K 


Rates of Inorganic Oxidation Reactions Involv- 
ing Dissolved Oxygen. 
W90-09876 2K 


Effect of Ioxic Interactions on the Oxidation 
Rates of Metals in Natural Waters. 
W90-09880 5B 


Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 

W90-10207 5D 


OXIDES 
Constant-Capacitance Surface Complexation 
Model: Adsorption in Silica-Iron Binary Oxide 
Suspensions. 
W90-09867 2K 


Influence of Temperature on Ion Adsorption by 
Hydrous Metal Oxides. 
W90-09868 2K 


Coagulation of Iron Oxide Particles in the Pres- 
ence of Organic Materials: Application of Sur- 
face Chemical Model. 

W90-09869 2K 


OXYGEN 
Effects of the Power Plant Cooling Water on 
the Temperature and Oxygen Conditions of 
Lake Haapajarvi in Winter (Voimalan Jaahdy- 
tysvesien Vaikutus Haapajarven Lampotila-Ja 
Happioloihin Talvella). 
W90-10051 5C 


PAKISTAN 


OXYGEN DEPLETION 


Stratification during Periods of Oxygen Defi- 
ciency in the German Bight during the Summers 
from 1981 to 1983: A Comparison with the 
Long-term Variation in Stratification. 

W90-09805 2L 


OXYGEN ISOTOPES 
Isotopic Characterization of the Thermomineral 
Waters of the Franco-Italian Northern Alps 
(Caracterisation Isotopique des Eaux Thermo- 
minerales des Alpes du Nord Franco-Italiennes). 
'W90-09952 2F 


Hydrology of Rotorua Geothermal Aquifer, 
New Zealand. 
W90-09953 2F 


Stable Isotopic Composition of Groundwater of 
Central California as an Indicator of Mid-Pleis- 
tocene Tectonic Evolution. 

W90-09963 2F 


Isotopic Composition of Precipitation and 
Groundwater in Canada. 
W90-09982 2A 


Conclusions from a Ten Year Study of Oxygen- 
18 in Precipitation and Runoff in Sweden. 
W90-09985 2A 


Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 

W90-10238 2L 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 23 


OXYGEN TRANSFER 
Oxygen Transport through Aquatic Macro- 
phytes: The Role in Wastewater Treatment. 
W90-10190 5D 


OXYGENATION 
Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 


OYSTERS 
Determination of Iodine in Oyster Tissue by 
Isotope Dilution Laser Resonance Ionization 
Mass Spectrometry. 
W90-09589 7B 


OZONATION 
Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
W90-09631 5F 


Effects of Ozone, Chlorine Dioxide, Chlorine, 
and Monochloramine on Cryptosporidium 
parvum Oocyst Viability. 

W90-09634 5F 


Ozonation Used in Water and Sewage Treat- 
ment (Jan 70 - Mar 90). 
W90-10035 5D 


Ozone Mass Transfer in a Gas-Sparged Turbine 
Reactor. 
W90-10312 5F 


OZONE 
Ozone Mass Transfer in a Gas-Sparged Turbine 
Reactor. 
W90-10312 SF 


PAKISTAN 
Large-Scale Irrigation and Drainage Schemes in 
Pakistan. 
W90-10363 3C 


Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 
W90-10369 3F 





PALEOCLIMATOLOGY 


PALEOCLIMATOLOGY 
Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 
W90-09637 2H 


Deuterium Content of European Paleowaters as 
Inferred from Isotopic Composition of Fluid In- 
clusions Trapped in Carbonate Cave Deposits. 
W90-09984 2A 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


Snow Cover and Glacier Variations. 
W90-10374 2C 


Glacial Changes in the Tien Shan Mountains as 
Revealed by Bioindicators: Time-Series Analysis 
and Interpretation. 

W90-10384 2C 


PALEOECOLOGY 
Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 
W90-09637 2H 


PALEOHYDROLOGY 
Role of Ecosystem Development and Climate 
Change in Bog Formation in Central Sweden. 
W90-09611 2H 


Deuterium Content of European Paleowaters as 
Inferred from Isotopic Composition of Fluid In- 
clusions Trapped in Carbonate Cave Deposits. 
W90-09984 2A 


Holocene Evolution of an Estuarine Coast and 
Tidal Wetlands. 
W90-10176 2L 


Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, Jemez 
Mountains, New Mexico. 

W90-10177 2J 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 


PALM TREES 
Water Requirements of Young Coconut Palms 
in a Humid Tropical Climate. 
W90-09785 3F 


PARACHLOROPHENOL 
Parachlorophenol Degradation Using Bioaug- 
mentation. 
W90-10309 5D 


PARAMETER ESTIMATION 
Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 
W90-10429 2F 


PARAMETRIC HYDROLOGY 
Point Rainfall Model Based on a Three-State 
Continuous Markov Occurrence Process. 
W90-09797 2B 


PARASITES 
Parasitic Hazard with Sewage Sludge Applied 
to Land. 
W90-09633 SE 


Effects of Ozone, Chlorine Dioxide, Chlorine, 
and Monochloramine on Cryptosporidium 
parvum Oocyst Viability. 

W90-09634 5F 


Human and Animal Wastes Mixed for Disposal 
to Land: Inactivation of Viruses and Parasites in 
a Laboratory Model. 

W90-09920 SE 
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PARTICLE SIZE 
Role of Reactive-Surface-Area Characterization 
in Geochemical Kinetic Models. 
W90-09881 2K 


Dry Aggregate Size Distribution of Sandy Soils 
as Influenced by Tillage and Precipitation. 
W90-10253 3F 


PARTICULATE MATTER 
Particulate Organic Matter in the Orinoco 
River: A Pristine Example. 
W90-09649 2H 


Coagulation of Iron Oxide Particles in the Pres- 
ence of Organic Materials: Application of Sur- 
face Chemical Model. 

W90-09869 2K 


Distribution and Transport of Suspended Partic- 
ulate Matter. 
W90-10284 2J 


Organic Matter in the Gulf of St. Lawrence. 
W90-10286 2L 


Chemical Oceanography in the Gulf: Present 
and Future. 
WS0-10292 2L 


Sediment-to-Water Fluxes of Particulate Materi- 
al and Microbes by Resuspension and their Con- 
tribution to the Planktonic Food Web. 

W90-10300 2L 


PASTURES 
Elevated Levels of Nitrate in Ground Water 
Beneath Intensively Grazed Pastureland in New 
Zealand. 
W90-10398 5B 


PATH OF POLLUTANTS 
Lateral Movement of Contaminated Ground 
Water from Merrill Field Landfill, Anchorage, 
Alaska. 
W90-09514 5B 


Hydrologic Activities of the U.S. Geological 
Survey in Support of the Radionuclide Migra- 
tion Program, Nevada Test Site and Vicinity, 
Nye County, Nevada, Fiscal Year 1987. 

W90-09539 2F 


Hexachlorobenzene Uptake by Fathead Min- 
nows and Macroinvertebrates in Recirculating 
Sediment/Water Systems. 

W90-09591 5B 


Landfill Leachate: A Study of Its Anaerobic 
Mineralization and Toxicity to Methanogenesis. 
W90-09600 5B 


Nitrogen Additions and Losses to Drainage in 
Orchard-Type Irrigated Lysimeters. 
W90-09601 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 

W90-09606 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 2. Persistence in Foliage and Soils. 
W90-09607 5B 


Copper-Induced Production of Copper-Binding 
Supernatant Proteins by the Marine Bacterium 
Vibrio alginolyticus. 

W90-09630 5B 


Hydrological Modeling of Acidified Canadian 
Watersheds. 
W90-09641 5B 


Bioaccumulation of Nickel and Vanadium in 
Tissues of the Catfish Clarias batrachus. 
W90-09665 5B 


Nature of Outflows from the North-East Estu- 
aries. 
W90-09683 2L 


Phosphorus Budget of the Marsdiep Tidal Basin 
(Dutch Wadden Sea) in the Period 1950-1985: 
Importance of the Exchange with the North 
Sea. 

W90-09685 5C 


Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 5c 


Cadmium and Copper Accumulation in the 
Common Mussel Mytilus edulis in the Western 
Scheldt Estuary: A Model Approach. 

W90-09690 5B 


Humber Estuary--A Case Study. 
W90-09692 5B 


Mathematical Model for 137Cs Uptake and Re- 
lease by Filamentous Algae. 
W90-09698 5B 


Ecology of Some Ricefields in Japan as Exem- 
plified by Some Benthic Fauna, with Notes on 
Management. 

W90-09699 5E 


Deposition of Chernobyl Caesium-137 in Heavy 
Rain and Its Persistent Uptake by Grazing 
Sheep. 

W90-09708 5B 


Wet, Occult and Dry Deposition of Pollutants 
on Forests. 
W90-09709 5B 


Models, Field Studies, Laboratory Experiments: 
An Integrated Approach to Evaluate the Envi- 
ronmental Fate of Atrazine (s-Triazine Herbi- 
cide). 

W90-09715 5B 


Pesticide Residues in the Po River Watershed: 
Application of a Mathematical Model. 
W90-09717 5B 


Phytoplankton of the Ebro Delta Bays (Fito- 
plancton de las bahias del delta del Ebro). 
W90-09742 5C 


Observations on Concentrations of the Heavy 
Metals Zinc, Manganese, Nickel and Iron in 
Water, in the Sediments and Two Aquatic Ma- 
crophytes, Typha capensis (Rohrb.) N.E. Br. 
and Arundo donax L., of a Stream Affected by 
Goldmine and Industrial Effluents. 

W90-09758 5B 


Heavy Metal Content in Organs of the African 
Sharptooth Catfish, Clarias gariepinus (Bur- 
chell), from a Transvaal Lake Affected by Mine 
and Industrial Effluents: Part 1. Zinc and 
Copper. 

W90-09759 5B 


Chemical and Ecological Studies on Tilapia nilo- 
tica. 
W90-09760 5B 


Behaviour of Aluminum Species During Snow- 
melt, Both Downstream and after Mixing with 
Nonacidic Waters. 

W90-09761 2K 


One-Dimensional Dispersion in Unsteady Flow 
in an Adsorbing Porous Medium: An Analytical 
Solution. 

W90-09781 5B 


Theoretical Study of the Wet Removal of At- 
mospheric Pollutants. Part IV: The Uptake and 
Redistribution of Aerosol Particles through Nu- 





cleation and Impaction Scavenging by Growing 
Cloud Drops and Ice Particles. 
'W90-09801 2B 


Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-09810 5B 


Subsurface Migration of Hazardous Wastes. 
W90-09836 5B 


Introduction. 
W90-09837 5B 


Composition of Hazardous Wastes. 
W90-09838 5A 


Principles of Groundwater Flow. 
W90-09839 2F 


Chemical and Physical Alteration of Wastes and 
Leachates. 
W90-09841 5B 


Groundwater Monitoring. 
W90-09842 TA 


Control of Subsurface Migration. 
W90-09845 5G 


Chemical Modeling of Aqueous Systems II. 
W90-09846 2K 


Current Status of the EQ3/6 Software Package 
for Geochemical Modeling. 
W90-09854 2K 


Geochemical Modeling of Water-Rock Interac- 
tions Using SOLMINEQ.88. 
W90-09855 2K 


Reconstruction of Reaction Pathways in a Rock- 
Fluid System Using MINTEQ. 
W90-09857 5B 


Hydrogeochemical Interactions and Evolution 
of Acidic Solutions in Soil. 
W90-09858 5B 


Carbon Isotope Mass Transfer as Evidence for 
Contaminant Dilution. 
W90-09860 5B 


Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. 
W90-09861 5B 


Simulation of Molybdate Transport With Differ- 
ent Rate-Controlled Mechanisms. 
W90-09865 5B 


Numerical Simulation of Coadsorption of Ionic 
Surfactants With Inorganic Ions on Quartz. 
W90-09866 2K 


Constant-Capacitance Surface Complexation 
Model: Adsorption in Silica-Iron Binary Oxide 
Suspensions. 

W90-09867 2K 


Influence of Temperature on Ion Adsorption by 
Hydrous Metal Oxides. 
W90-09868 2K 


Uncertainties in Ground Water Chemistry and 
Sampling Procedures. 
'W90-09870 5A 


Energetics and Conservative Properties of 
Redox Systems. 
'W90-09875 2K 


Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


Effect of Ionic Interactions on the Oxidation 
Rates of Metals in Natural Waters. 
W90-09880 5B 


SUBJECT INDEX 


Role of Reactive-Surface-Area Characterization 
in Geochemical Kinetic Models. 
W90-09881 2K 


Quantitative Structure-Activity Relationship 
Models for Predicting Aqueous Solubility: Com- 
parison of Three Major Approaches. 

W90-09882 2K 


Equilibrium Model for Organic Materials in 
Water. 
W90-09883 2K 


Copper Complexation by Natural Organic 
Matter in Ground Water. 
W90-09885 2K 


Kinetics cf Rare Earth Metal Binding to Aquatic 
Humic Acids. 
W90-09886 5B 


Microscale Processes in Porous Media: Trans- 
port of Chlorinated Benzenes in Porous Aggre- 
gates. 

W90-09887 5B 


Ground-Water Levels and Flow Near the Indus- 
trial Excess Landfill, Uniontown, Ohio. 
W90-09892 2F 


Hydrogeology of a Hazardous-Waste Disposal 
Site Near Brentwood, Williamson County, Ten- 
nessee. 

W90-09903 2F 


Ground Water Modeling with Uncertainty 
Analysis to Assess the Contamination Potential 
from Onsite Sewage Disposal Systems (OSDS) 
in Florida. 

W90-09937 5B 


Lessons to Be Drawn from the Performance of a 
Conventional Drinking Water Treatment Plant 
During Fallout from the Chernobyl Accident 
(Enseignments Relatifs aux Performances d’Une 
Filiere Classique de Traitement d’Eau Potable 
Lors des Retombees de l’Accident de Tcherno- 
byl). 

W90-09980 5B 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Protection of Water Resources from Oil and Gas 
Produced Water Disposal. 
W90-10077 5G 


Monte Carlo Simulations of Unsaturated Flow 
Through Layered Volcanic Tuffs at Yucca 
Mountain, Nevada. 

W90-10098 5B 


Uranium Mill Tailings Remedial Action Project: 
A Retrospection. 
W90-10103 5B 


Modeling Organic Pollution of Streams. 
W90-10126 5B 


Determination of Hazardous Waste Concentra- 
tion as a Result of Accidental Discharge. 
W90-10127 5B 


Trace Contaminants in Streams. 
W90-10130 5B 


Leaching and Transformation of Glufosinate- 
Ammonium and Its Main Metabolite in a Lay- 
ered Soil Column. 

W90-10133 5B 


Runoff-Induced Metals in Lakes Bay, New 
Jersey. 
W90-10135 5B 
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Solubility and Toxicity of Eight Phthalate Esters 
to Four Aquatic Organisms. 
W90-10140 5C 


Multi-Steady-State Toxicant Fate and Effect in 
Laboratory Aquatic Ecosystems. 
W90-10141 5C 


Kinetics of Chloroguaiacols and Other Chlorin- 
ated Phenolic Derivatives in Rainbow Trout 
(Salmo Gairdneri). 

W90-10142 5B 


Ecological Fate, Effects and Prospects for the 
Elimination of Environmental Polychlorinated 
Biphenyls (PCBs). 

W90-10143 5C 


Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 

W90-10144 5C 


One-Dimensional Mass Transport in Streams 
with Abrupt Changes in Concentration at the 
Initial Site. 

W90-10149 2J 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 3. Analytical Results of 
Sludge Treated Soils. 

W90-10158 3C 


River Transport of Phosphorus as Controlled by 
Large Scale Land Use Changes. 
W90-10159 4C 


Laboratory Study of the Efficiency with Which 
Aerosol Particles Are Scavenged by Snow 
Flakes. 

W90-10166 2C 


Numerical Simulation of the Chemistry of a 
Rainband. 
W90-10167 2K 


Contribution of Sulfate and Desert Aerosols to 
the Acidification of Clouds and Rain in Israel. 
W90-10168 5B 


Mathematical Modeling of Cloud Chemistry in 
the Los Angeles Basin. 
W90-10170 5B 


Laboratory Determination of Chloride Diffusion 
Coefficient in an Intact Shale. 
W90-10171 5B 


Toxic Spill Index (Emergency Response Index). 
W90-10183 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: I. Review of the Major 
Elements. 

W90-10184 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: II. Review of the Minor 
Elements. 

W90-10185 5B 


Soil Nitrate Accumulations Following Nitrogen- 
Fertilized Corn in Pennsylvania. 
W90-10187 5B 


One-Time-Dormant Season Application of Gas 
Well Brine on Forest Land. 
W90-10192 SE 


Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 
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Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 


Processes of Iron and Manganese Retention in 
Laboratory Peat Microcosms Subjected to Acid 
Mine Drainage. 

W90-10195 5B 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 5E 


Content and Fractionation of Heavy Metals in 
Water Treatment Sludges. 
W90-10197 5F 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Limited Downward Migration of Pollutant 
Metals (Cu, Zn, Ni, and Pb) in Acidic Virgin 
Peat Soils Near a Smelter. 

W90-10203 5B 


Effects of Road Deicing Salt on Chloride Levels 
in Four Adirondack Streams. 
W90-10204 5B 


Solubility of Major Species in Precipitation: 
Factors of Variation. 
W90-10210 2K 


Adsorption and Desorption of Perchloroethy- 
lene in Soils, Peat Moss, and Granular Activated 
Carbon. 

W90-10233 5B 


Calculating the Load of Organic Carbon to the 
Aphotic Zone in Eutrophicated Coastal Waters. 
W90-10242 5B 


Patterns of Cyclic Organochlorine Contamina- 
tion in Livers of Male Pleuronectiformes from 
the North Sea, Winter 1987. 

W90-10243 5B 


Penetration Model Parameter Estimation from 
Dynamic Permeability Measurements. 
W90-10246 2G 


Cadmium Buffering Capacity and Accumulation 
in Swiss Chard in Some Sludge-Amended Soils. 
W90-10248 SE 


Nitrogen-Fertilization Rate and Soil Nitrate Dis- 
tribution for Microirrigated Sugarcane. 
W90-10255 5B 


Ammonia Volatilization from Urea as Influ- 
enced by Soil Temperature, Soil Water Content, 
and Nitrification and Hydrolysis Inhibitors. 

W90-10256 5B 


Seasonal Variation in Copper and Zinc Concen- 
trations in Three Talitrid Amphipods (Crusta- 
cea). 

W90-10270 5B 


Location of Copper in Larvae of Plectrocnemia 
conspersa (Curtis) (Trichoptera) Exposed to Ele- 
vated Metal Concentrations in a Mine Drainage 
Stream. 

W90-10271 5B 


Distribution of Metals in a Polluted Aquifer: A 
Comparison of Aquifer Suspended Material to 
Fine Sediments of the Adjacent Environment. 
W90-10278 5B 


Modeling Multicomponent Organic Chemical 


Transport in Three-Fluid-Phase Porous Media. 
W90-10279 5B 
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Soil Pollution by Petroleum Products, III. Kero- 
sene Stability in Soil Columns as Affected by 
Volatilization. 

W90-10280 5B 


Solute Transport by a Volatile Solvent. 
W90-10281 5B 


Organic Matter in the Gulf of St. Lawrence. 
W90- 10286 


Trace Metals in the Water Column. 
W90-10288 2K 


Trace Metal Geochemistry of Gulf of St. Law- 
rence Sediments. 
W90-10289 2K 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


Petroleum Residues in the Waters of the Gulf of 
St. Lawrence. 
W90-10291 5B 


Fogwater Chemistry at Riverside, California. 
W90-10324 


Elements in the Precipitation of S. Paulo City 
(Brazil). 
W90-10325 5B 


Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 sC 


FLUPOL: A Model to Forecast Flow Rates and 
Flows of Pollutants in Water Drainage Net- 
works during Rain--Calibration and Validation 
(FLUPOL: Modele de Prevision des Debits et 
des Flux Polluants en Reseaux d’Assainissement 
par Temps de Pluie, Calage et validation). 

W90-10330 5B 


Hillslope Solute Modelling. 
W90-10345 5B 


Acidic Deposition: Sulphur and Nitrogen 
Oxides. 
W90-10349 5B 


Sulphur and Nitrogen in the Atmosphere. 
W90-10350 5B 


Impact of Agricultural Activities on Ground 
Water. 
W90-10388 5B 


Movement of Agrochemicals in the Unsaturated 
and Saturated Zones. 
W90-10390 5B 


Distribution of Agricultural Soil Leachates in 
the Unsaturated Zone of the British Chalk. 
W90-10399 5B 


Numerical Simulation of the Effect of Soil Ni- 
trogen Transport and Transformations on 
Groundwater Contamination. 

W90-10401 5B 


Factors of Bacteria and Virus Transport in 
Groundwater. 
W90-10402 5B 


Modeling Nitrogen Behavior in the Soil Profile. 
W90-10403 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90-10404 5B 


Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 

W90-10406 SE 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 SE 


Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 

W90-10413 SE 


Development of a Methodology of Geochemical 
Sensitivity Analysis for Performance Assess- 
ment. 

W90-10414 5B 


Parameter Sensitivity and Importance for Radio- 
nuclide Transport in Double-Porosity Systems. 
W90-10419 5B 


Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 
port. 

W90-10420 5B 


Some Recent Observations of Channeling in 
Fractured Rocks-Its Potential Impact on Radio- 
nuclide Migration. 

W90-10423 2F 


Transport of Dissolved Substances in Fissured 
Granite. 
W90-10424 2F 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 71C 


Alternative Approach to Uncertainty in Risk 
Analysis and an Exactly Soluble Model for a 
Nuclear Waste Repository. 

W90-10431 7 


Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 

W90-10456 2C 


Groundwater Contamination. 
W90-10501 5B 


Nondispersive Description of Dispersion for 
Simulation of Solute Transport in a Large 
System. 

W90- 10502 5B 


Inverse Modelling of Flow and Transport. 
W90-10503 5B 


Effects of Similarity Parameters on Fuel Migra- 
tion through Porous Media. 
W90-10504 5B 


Application of the Random Walk Method to 
Simulate the Transport of Kineticaliy Adsorbing 
Solutes. 

W90-10505 5B 





Mass Transfer of Ion-Exchanging Pollutants in 
Groundwater. 
W90-10506 5B 


Simulation of Groundwater Flow and Redox 
Processes Around Bank-Filtration Wells. 
W90-10507 2F 


Methodology to Predict the Migration of Con- 
taminants by Using Transport Models Together 
with Geochemical Speciation. 

W90-10508 5B 


Considerations for Modeling Transport of Bac- 
teria in Contaminated Aquifers. 
W90-10510 5B 


Three-Dimensional Simulation of Organic 
Transport with Aerobic Biodegradation. 
W90-10512 5F 


Transport Processes from Soil Surfaces to 
Groundwaters. 
W90-10513 5B 


Root Zone’s Water-Nitrogen Household Model- 
ling for Operational Purposes in Hungary. 
W90-10514 2G 


Unsaturated Zone Water Quality Model for 
Management of Agricultural Systems. 
W90-10515 5B 


Effect of Groundwater Flow on Aquifer Degra- 
dation in Agricultural Regions. 
W90-10516 2F 


Groundwater Dynamics Influenced by Irriga- 
tion and Associated Problems of River Salina- 
tion; Breede River, Western Cape Province, 
R.S.A. 

W90-10517 5B 


Groundwater Hydrology and Salinity in a 
Valley in Northeast Thailand. 
W90-10518 2F 


Effects of Manure Spreading and Acid Deposi- 
tion upon Groundwater Quality at Vierlings- 
beek, The Netherlands. 

W90-10519 5G 


Acid Percolation and Disintegration, Transfor- 
mation and Mobilization of Some Substances in 
Finnish Quaternary Deposits. 

W90-10520 5B 


Aquifer Contamination and Restoration at the 
Gloucester Landfill, Ontario, Canada. 
W90-10522 5B 


PATHOGENIC BACTERIA 
Bacillus thuringiensis var. Israelensis (Bti) for 
Larval Mosquito Control. 
W90-10025 4A 


Factors of Bacteria and Virus Transport in 
Groundwater. 
W90-10402 5B 


PATHOGENS 
Biological Control of Aquatic Plants with Plant 
Pathogens. 
W90- 10024 4A 


PEAT 
Processes of Iron and Manganese Retention in 
Laboratory Peat Microcosms Subjected to Acid 
Mine Drainage. 
W90-10195 5B 


Limited Downward Migration of Pollutant 
Metals (Cu, Zn, Ni, and Pb) in Acidic Virgin 
Peat Soils Near a Smelter. 

W90-10203 5B 


SUBJECT INDEX 


PENNSYLVANIA 
Fiscal Year 1988 Program Report (Pennsylvania 
Center for Water Resources Research). 
W90-09522 9D 


Water Pollution Mitigation in Two National 
Park Service Units Affected by Energy and 
Mining Activities. 

W90-10081 5G 


Soil Nitrate Accumulations Following Nitrogen- 
Fertilized Corn in Pennsylvania. 
W90-10187 5B 


Wetlands. 
W90-10332 2H 


PERCH 
Effects of Tri-n-butylin Chloride (TBTC) on the 
Early Life Stages of Perch (Perca fluviatilis L.) 
in Brackish Water. 
W90-09765 5C 


PERCOLATING WATER 
Mathematical Model of Snowmelt and Water 
Percolation Processes in Snow and Firn. 
W90-10376 2C 


Acid Percolation and Disintegration, Transfor- 
mation and Mobilization of Some Substances in 
Finnish Quaternary Deposits. 

W90-10520 5B 


PERCOLATION 
Hazardous-Waste Leachate Management. 
W90-09834 SE 


PERFORMANCE EVALUATION 
Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 
W90-10405 SE 


Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90- 10408 5G 


Development of a Methodology of Geochemical 
Sensitivity Analysis for Performance Assess- 
ment. 

W90-10414 5B 


PERMAFROST 
Segregation Potential--Pressure--Salinity Rela- 
tionships Near Thermal Steady State for a 
Clayey Silt. 
W90-10172 2G 


PERMEABILITY 
Modeling the Effects of Unsaturated, Stratified 
Sediments on Groundwater Recharge from 
Intermittent Streams. 
W90-09798 2E 


Evolution of Dissolution Patterns: Permeability 
Change Due to Coupled Flow and Reaction. 
W90-09862 2K 


Penetration Model Parameter Estimation from 
Dynamic Permeability Measurements. 
W90-10246 2G 


Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90-10415 2F 


Effect of Variable Fracture Permeability/Matrix 
Permeability Ratios on Three-Dimensional Frac- 
tured Rock Hydraulic Conductivity. 

W90-10421 2F 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


PESTICIDES 


Residential Well Development of a Low Perme- 
ability Bedrock Flow System. 
W90-10462 4B 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2C 


PERMITS 
Storage of Hazardous Wastes. 
W90-09832 SE 


Permitting a Gold Placer Mine Within the Cap- 
ital City of Montana, Processes and Problems. 
W90-10078 5G 


PESTICIDE RESIDUES 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in the Salton Sea Area, Cali- 
fornia, 1986-87. 
W90-09529 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 

W90-09606 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 2. Persistence in Foliage and Soils. 
W90-09607 5B 


Pesticide Residues in the Po River Watershed: 
Application of a Mathematical Model. 
W90-09717 5B 


Patterns of Cyclic Organochlorine Contamina- 
tion in Livers of Male Pleuronectiformes from 
the North Sea, Winter 1987. 

W90-10243 5B 


PESTICIDE TOXICITY 
Influence of Time of Application of an Insecti- 
cide on Recovery Patterns of a Zooplankton 
Community in Experimental Ponds. 
W90-09597 sc 


Effects of Tri-n-butylin Chloride (TBTC) on the 
Early Life Stages of Perch (Perca fluviatilis L.) 
in Brackish Water. 

W90-09765 5C 


PESTICIDES 
Comparison of Agricultural Nonpoint Source 
Runoff from No-Till and Conventional Till Veg- 
etable Crop Test Plots. 
W90-09550 5B 


New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 

W90-09590 5A 


Development of an Automated High-Perform- 
ance Liquid Chromatographic Method for the 
On-Line Pre-Concentration and Determination 
of Trace Concentrations of Pesticides in Drink- 
ing Water. 

W90-09663 5A 


Determination of Chlorpyrifos in Water by 
Large-Volume Direct Aqueous Injection Capil- 
lary Gas Chromatography. 

W90-09664 5A 


Pesticide Residues in the Po River Watershed: 
Application of a Mathematical Model. 
W90-09717 5B 


Pesticides in Soils and Ground Water in Select- 
ed Irrigated Agricultural Areas Near Havre, 
Ronan, and Huntley, Montana. 

W90-09906 5B 


U.S. Fish and Wildlife Service and the Environ- 


mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 


SU-67 





PESTICIDES 


and Its Impact on Aquatic Weed and Mosquito 
Control. 
W90-10031 4A 


Degradation of Methomy] in Chlorinated Water. 
W90-10132 5B 


Leaching and Transformation of Glufosinate- 
Ammonium and Its Main Metabolite in a Lay- 
ered Soil Column. 

W90-10133 5B 


Measurement of Soil Respiration in the Field: 
Influence of Temperature, Moisture Level, and 
Application of Sewage Sludge Compost and 
Agro-chemicals. 

W90-10319 2G 


Impact of Fertilizers and Pesticides on Ground- 
water Quality. 
W90-10391 5B 


PETROLEUM PRODUCTS 
Soil Pollution by Petroleum Products, III. Kero- 
sene Stability in Soil Columns as Affected by 
Volatilization. 
W90-10280 5B 


PHENOLS 
Evaluation of a 14-Day Static Renewal Toxicity 
Test with Daphnia magna Straus. 
W90-09596 5A 


Kinetics of Chloroguaiacols and Other Chlorin- 
ated Phenolic Derivatives in Rainbow Trout 
(Salmo Gairdneri). 

W90-10142 5B 


Parachlorophenol Degradation Using Bioaug- 
mentation. 
W90-10309 5D 


Anaerobic Biodegradability and Toxicity of Hy- 
drogen Peroxide Oxidation Products of Phenols. 
W90-10310 5D 


PHILIPPINES 
Hydrological Analysis of Farm Reservoirs in 
Rainfed Rice Areas. 
W90-10161 3B 


PHOSPHATES 
Effects of Changes in Turbidity and Phosphate 
Influx on the Ecosystem of the Ems Estuary as 
Obtained by a Computer Simulation Model. 
W90-09686 2L 


Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 = 


PHOSPHORUS 
Phosphorus Budget of the Marsdiep Tidal Basin 
(Dutch Wadden Sea) in the Period 1950-1985: 
Importance of the Exchange with the North 
Sea. 
W90-09685 5C 


Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 5C 


Phosphorus and Nitrogen Load from Forest and 
Agricultural Areas in Finland. 
W90-09762 5B 


Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 

W90-09763 5A 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 1. Characteristics of Ca, 
Al and Fe Precipitated Sewage Sludges. 

W90-10156 5D 
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SUBJECT INDEX 


Effects of Phosphorus Precipitation Chemicals 
on Characteristics and Agricultural Value of 
Municipal Sewage Sludges: 2. Effect of Sewage 
Sludges on Yield, Element Contents and Uptake 
by Spring Barley (Hordeum vulgare, L). 

W90-10157 5D 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 3. Analytical Results of 
Sludge Treated Soils. 

W90-10158 3C 


River Transport of Phosphorus as Controlled by 
Large Scale Land Use Changes. 
W90-10159 4c 


Exchange of Phosphorus from Shallow Sedi- 
ments at Nine Alberta Lakes. 
W90-10188 2H 


PHOTOLYSIS 
Photochemical Degradation Rates of Tetraphen- 
ylborate and Diphenylboric Acid Sensitized by 
Dissolved Organic Matter in Stream Water. 
W90-10136 5B 


PHOTOSYNTHESIS 
Light Conditions and Photosynthetic Productiv- 
ity of Ice Algal Assemblages in Lake Saroma, 
Hokkaido. 
W90-09621 2H 


Biomass and Photosynthesis of Size-Fractionat- 
ed Phytoplankton in Canadian Shield Lakes. 
W90-10269 2H 


PHOTOSYNTHETIC BACTERIA 
Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. I. 
Some Physical and Chemical Characteristics. 
W90-09618 2H 


PHOTOTROPHIC BACTERIA 
High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 
W90-10301 2H 


PHTHALATES 
Solubility and Toxicity of Eight Phthalate Esters 
to Four Aquatic Organisms. 
W90-10140 5C 


PHYSICAL TREATMENT 
Physical Treatment Processes in Water and 
Wastewater Treatment. 
W90-10128 5D 


PHYSICOCHEMICAL TREATMENT 
Chemical, Physical, and Biological Treatment of 
Hazardous Waste. 
W90-09830 5D 


PHYTOPLANKTON 
Factors Controlling the Planktonic Community 
in the Shallow Lake of Creteil, France. 
W90-09617 2H 


Modelling the Initiation of Spring Phytoplank- 
ton Blooms: A Synthesis of Physical and Biolog- 
ical Interannual Variability off Southwest Nova 
Scotia, 1983-85. 

W90-09640 2 


Phytoplankton Primary Production and Nutri- 
ents in the Oosterschelde (The Netherlands) 
During the Pre-Barrier Period 1980-1984. 

W90-09694 2L 


Field and Laboratory Studies on Nile Phyto- 
plankton in Egypt IV. Phytoplankton of Aswan 
High Dam Lake (Lake Nassar). 

W90-09700 2H 


pH-Independent Effect of Aluminum on Cul- 
tures of Phytoplankton from an Acidic Wiscon- 
sin Lake. 

W90-09729 5C 


Influence of Environmental Factors on Nitrate 
Reductase Activity in Freshwater Phytoplank- 
ton. 

W90-09730 2H 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Phytoplankton of the Ebro Delta Bays (Fito- 
plancton de las bahias del delta del Ebro). 
W90-09742 5C 


Long-Term Changes of the Annual Cycles of 
Meteorological, Hydrographic, Nutrient and 
Phytoplankton Time Series at Helgoland and at 
LV ELBE 1 in the German Bight. 

W90-10237 5C 


Biomass and Photosynthesis of Size-Fractionat- 
ed Phytoplankton in Canadian Shield Lakes. 
W90-10269 2H 


Dinoflagellate Cysts in Recent Marine Sedi- 
ments from Tasmania, Australia. 
W90-10283 2L 


Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2C 


PIEZOMETERS 
Piezometer Installation and Monitoring Under 
Artesian Conditions. 
W90-10116 7B 


PIGMENTS 
High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 
W90-10301 2H 


PILES 
Evaluation of Excess Pore Pressures and Drain- 
age Conditions Around Driven Piles Using the 
Cone Penetration Test with Pore Pressure Meas- 
urements. 
W90-10174 2G 


PINE TREES 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: II. 
Stemflow and Factors Affecting Stemflow in a 
Dry Sderophyll Eucalypt Forest and a Pinus 
radiata Plantation. 
W90-09778 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: IV. 
The Relationship of Interception and Canopy 
Storage Capacity, the Interception of these For- 
ests, and the Effect on Interception of Thinning 
the Pine Plantation. 

W90-09780 21 


PIPELINES 
Brick Sewer Life Extended. 
W90-10218 5D 


PIPES 
Flow Distribution by Gravity Flow in Perforat- 
ed Pipe. 
W90-09933 5D 


Investigation of an Aluminum Hydroxide In- 
crustation in a Rural Water Supply (Aluminium- 
hydroxid-Ablagerung in einer Wasserleitung). 

W90-10205 5B 





PLACER MINING 


Permitting a Gold Placer Mine Within the Cap- 
ital City of Montana, Processes and Problems. 
W90-10078 5G 


Technological Progress in Alaska Placer Mining 


Operations. 
W90-10082 5G 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90-10099 5G 


Erosion Control for Placer Mining. 
W90-10480 4D 


PLANKTON 


Structure and Interannual Variability of the 
Plankton and Its Environment off Southwest 
Nova Scotia in Late Spring and Early Summer. 
W90-09639 2L 


Sediment-to-Water Fluxes of Particulate Materi- 
al and Microbes by Resuspension and their Con- 
tribution to the Planktonic Food Web. 

W90-10300 2L 


PLANNING 


Planning for Water Use and Development. 
W90-10073 6A 


Multi-Objective Approaches to River Basin 
Planning. 
W90-10118 6B 


Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90-10436 4A 


PLANT GROWTH 


Tolerance of Sugarcane to Water Stress During 
Its Main Development Phases. 
W90-09569 3F 


Effects of Irrigation Frequency and Water Table 
Depths on Root Growth and Yield of Tomato in 
a Tropical Soil. 

W90-09707 3F 


Water Requirement for Corn Root Expansion 
Growth. 
W90-09722 3F 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 5E 


PLANT GROWTH SUBSTANCES 

Effects of Flurprimidol, Mefluidide, and Soil 
Moisture on St. Augustinegrass Evapotranspira- 
tion Rate. 

W90-09605 3F 


PLANT PHYSIOLOGY 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Thermal Flooding Injury of Woody Swamp 
Seedlings. 
W90-09624 21 


Breeding for Improved Plant Performance in 
Drought-prone Environments. 
W90-09826 3F 


Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


PLANT POPULATIONS 


Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 

W90-09637 2H 


SUBJECT INDEX 


PLANT WATER DEFICIT 


Plant Water Relations and Irrigation Manage- 
ment. 
'W90-09566 3F 


PLANT WATER POTENTIAL 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Water Deficit Development in Old and New 
Soybean Cultivars. 
W90-09586 3F 


Maize Root Development under Various Levels 
of Salinity and Water Distribution. 
W90-09655 3C 


PO RIVER 


Pesticide Residues in the Po River Watershed: 
Application of a Mathematical Model. 
W90-09717 5B 


POLAND 


Zooplankton of the Wisla~-Czarne Dam Reser- 
voir (Southern Poland) in the Years 1975-1984. 
W90-09678 2H 


Ecological Characteristics of Caddis Flies (Tri- 
choptera) of Streams in the Gorce Mts (South- 
ern Poland). 

W90-09679 2H 


Preliminary Report on the Stoneflies (Plecop- 
tera) Inhabiting Main Watercourses in the Gorce 
Mts (Southern Poland). 

W90-09680 2H 


Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-09810 5B 


POLAR REGIONS 


Origins and Variations of Nitrate in South Polar 
Precipitation. 
W90-09790 2A 


POLDERS 


Hydrobiological Research in Peat Polder 
Ditches. 
W90-09731 2H 


Annual and Diel Oxygen Regime in Two Polder 
Ditches. 
W90-09732 2H 


Release of Sedimentary Nitrogen and Phospho- 
rus in Polder Ditches of a Low-Moor Peat Area. 
W90-09733 2H 


Macroinvertebrates in Dutch Ditches: A Typo- 
logical Characterization and the Status of the 
Demmerik Ditches. 

W90-09734 2H 


Macroinvertebrates in the Demmerik Ditches 
(The Netherlands): The Role of Environmental 
Structure. 

W90-09735 2H 


Developments in Hydraulic 
Volume 5. 
W90-09992 8B 


Polders. 
W90-09996 2H 


Engineering-- 


POLITICAL ASPECTS 


Legal Considerations for Coping with Externali- 
ties in Irrigated Agriculture. 
W90-10361 6E 


POLLUTANT IDENTIFICATION 


Polychlorobiphenyl (PCB) Congeners in Striped 
Bass (Morone saxatilis) from Marine and Estua- 
rine Waters of New York State Determined by 
Capillary Gas Chromatography. 

W90-09595 5A 


POLLUTANT IDENTIFICATION 


Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 

W90-09604 7B 


Flow-Injection Determination of Organic Con- 
taminants in Water Using an Ultraviolet-Mediat- 
ed Titanium Dioxide Film Reactor. 

W90-09627 5A 


Efficacy of beta-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 

W90-09628 5A 


Fluorescent-Antibody Method Useful for De- 
tecting Viable but Nonculturable Salmonella 
spp. in Chlorinated Wastewater. 

W90-09635 5D 


Labile Metal Content of Sediments: Fractiona- 
tion Scheme Based on Ion-Exchange Resins. 
W90-09650 5A 


Development of an Automated High-Perform- 
ance Liquid Chromatographic Method for the 
On-Line Pre-Concentration and Determination 
of Trace Concentrations of Pesticides in Drink- 
ing Water. 

W90-09663 5A 


Determination of Chlorpyrifos in Water by 
Large-Volume Direct Aqueous Injection Capil- 
lary Gas Chromatography. 

W90-09664 5A 


Automated Determination of Nitrate in Water. 
W90-09755 5A 


Bleidner Vapour Phase Extraction Technique 
for the Determination of Organochlorine Com- 
pounds in Lake Sediments. 

W90-09774 7B 


Subsurface Migration of Hazardous Wastes. 
W90-09836 5B 


Soil Pore-Liquid Monitoring. 
W90-09844 5A 


Carbon Isotope Mass Transfer as Evidence for 
Contaminant Dilution. 
W90-09860 5B 


Using Chemical Analyses and Assessing Quality 
in Aqueous Environmental Monitoring Pro- 
grams. 

W90-09871 SA 


Bioindicators of Marine Pollution (Jan 74 - Jul 
89). 
W90-10043 5A 


Simultaneous Determination of Nitrate and Ni- 
trite in Natural Water and Waste Water from 
Uranium Mines with Dual-Wavelength Spectro- 
photometric Method (In Chinese). 

W90-10063 5A 


Trace Contaminants in Streams. 
W90-10130 5B 


Studies of UV-Spectroscopy of LAS in Relevant 
Environmental Matrices: Fundamentals and 
LAS-Determination under Relatively Problem- 
Free Conditions (Studien zur UV-Spektroskopie 
von LAS in relevanten Umwelt-Matrices: 
Grundlagen und LAS-Bestimmung unter relativ 
problemlosen Bedingungen). 

W90-10208 5A 


Solubility of Major Species in Precipitation: 


Factors of Variation. 
W90-10210 2K 
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POLLUTANT IDENTIFICATION 


Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 

W90-10221 SA 


Application of the SOS umu-Test in Detection 
of Pollution Using Fish Liver S9 Fraction. 
W90-10222 5A 


Identification of Samples of Oil Related to Two 
Spills. 
W90-10241 5A 


Quantitative Analysis of Volatile Organic Com- 
pounds in Landfill Leachates. 
W90-10272 5A 


Determination of Total Organic Halide in 
Water: A Comparative Study of Two Instru- 
ments. 

W90-10274 SA 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 1: Evaluation of 
Grab Sample Methodology for Part-Per-Quad- 
rillion Analysis. 

W90-10275 5A 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 2: Optimization 
of an XAD-2 Resin Column Methodology. 

W90-10276 SA 


POLLUTION INDEX 
Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-09810 5B 


Toxic Spill Index (Emergency Response Index). 
W90-10183 5B 


POLLUTION TAXES 
Incidence of Environmental Degradation: a Case 
Study of Acid Mine Drainage. 
W90-10217 5C 


POLYCHLORINATED BIPHENYLS 
Biological and Physical Factors Affecting the 
Body Burden of Organic Contaminants in Fresh- 
water Mussels. 
W90-09592 5B 


Polychlorobiphenyl (PCB) Congeners in Striped 
Bass (Morone saxatilis) from Marine and Estua- 
rine Waters of New York State Determined by 
Capillary Gas Chromatography. 

W90-09595 5A 


Polychlorinated Biphenyls: Occurrence and 
Treatment in Municipal and Industrial Wastes 
(Jan 77 - Aug 89). 

W90-10032 5D 


Ecological Fate, Effects and Prospects for the 
Elimination of Environmental Polychlorinated 
Biphenyls (PCBs). 

W90-10143 5C 


Application of the SOS umu-Test in Detection 
of Pollution Using Fish Liver S9 Fraction. 
W90-10222 5A 


POLYCYCLIC AROMATIC HYDROCARBONS 
Humic Acids Reduce the Photo-Induced Toxici- 
ty of Anthracene to Fish and Daphnia. 
W90-10137 5B 


Application of the SOS umu-Test in Detection 
of Pollution Using Fish Liver S9 Fraction. 
W90-10222 SA 


PONDS 
Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 
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SUBJECT INDEX 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


POPULATION DYNAMICS 
Factors Controlling the Planktonic Community 
in the Shallow Lake of Creteil, France. 
W90-09617 2H 


Distribution of Free-Swimming Macroinverte- 
brates in Acidic Lakes of Maine: The Role of 
Fish Predation. 

W90-09764 2H 


Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


Interrelationships of Races of Lake Sevan Trout, 
Salmo ischchan, Before and After Regulation of 
the Discharge of the Lake (as Indicated by Mor- 
phometric Characters). 

W90-10299 81 


Dynamic Interactions of Pseudomonas aerugin- 
osa and Bacteriophages in Lake Water. 
W90-10303 2H 


PORE PRESSURE 


Piezometer Installation and Monitoring Under 
Artesian Conditions. 
W90-10116 7B 


Evaluation of Excess Pore Pressures and Drain- 
age Conditions Around Driven Piles Using the 
Cone Penetration Test with Pore Pressure Meas- 
urements. 

W90-10174 2G 


PORE WATER 


Evaluation of Excess Pore Pressures and Drain- 
age Conditions Around Driven Piles Using the 
Cone Penetration Test with Pore Pressure Meas- 
urements. 

W90-10174 2G 


POROSITY 


Principles of Groundwater Flow. 
W90-09839 2F 


Evolution of Dissolution Patterns: Permeability 
Change Due to Coupled Flow and Reaction. 
W90-09862 2K 


Coupling of Precipitation-Dissolution Reactions 
to Mass Diffusion via Porosity Changes. 
W90-09864 2K 


Determination of Hydraulic Conductivity and 
Porosity Logs in Wells with a Disturbed Annu- 
lus. 

W90-10277 2F 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2C 


POROUS MEDIA 


In Situ Bioreclamation of Contaminated 
Groundwater. 
W90-09557 5G 


Scattering Analog for Infiltration in Porous 
Media. 
W90-09746 2G 


Microscale Processes in Porous Media: Trans- 
port of Chlorinated Benzenes in Porous Aggre- 
gates. 

W90-09887 5B 


Modeling Multicomponent Organic Chemical 
Transport in Three-Fluid-Phase Porous Media. 
W90-10279 5B 


Solute Transport by a Volatile Solvent. 
W90-10281 5B 


Effects of Similarity Parameters on Fuel Migra- 
tion through Porous Media. 
W90- 10504 5B 


Application of the Random Walk Method to 
Simulate the Transport of Kinetically Adsorbing 
Solutes. 

W90-10505 5B 


POTABLE WATER 


Granular Activated Carbon in Water Treatment. 
W90-10129 5F 


POWERPLANTS 


Effects of the Power Plant Cooling Water on 
the Temperature and Oxygen Conditions of 
Lake Haapajarvi in Winter (Voimalan Jaahdy- 
tysvesien Vaikutus Haapajarven Lampotila-Ja 
Happioloihin Talvella). 

W90-10051 5C 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


PRAIRIES 


Modelling Snowmelt Infiltration and Runoff in a 
Prairie Environment. 
W90-10482 2C 


PRECIPITATION 


Optimization of Rainfed Tropical Cropping in 
Semi-Dry Areas: A Case Study. 
W90-09661 3F 


Anticipating the Frequency Distribution of Pre- 
cipitation If Climate Change Alters Its Mean. 
W90-09711 2B 


Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 

W90-09772 2A 


Probabilistic Quantitative Precipitation Fore- 
casts Derived from PoPs and Conditional Pre- 
cipitation Amount Climatologies. 

W90-09807 2B 


Flood of January 1982 in the San Francisco Bay 
Area, California. 
W90-09898 2E 


Isotopic Composition of Precipitation and 
Groundwater in Canada. 
W90-09982 2A 


Variability (in Time) of the Isotopic Composi- 
tion of Precipitation: Consequences Regarding 
the Isotopic Composition of Hydrologic Sys- 
tems. 

W90-09983 2B 


Conclusions from a Ten Year Study of Oxygen- 
18 in Precipitation and Runoff in Sweden. 
W90-09985 2A 


Scavenging of Atmospheric Pollutants by 
Clouds and Precipitation by Means of a Vertical 
Wind Tunnel. Phase 1 (Auswaschen von Atmos- 
pharischen Spurenstoffen durch Wolken und 
Niederschlag mittels eines Vertikalen Windkan- 
als). 

W90-10062 2K 


Solubility of Major Species in Precipitation: 
Factors of Variation. 
W90-10210 2K 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 


Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 

W90-10456 2C 





PRECIPITATION FORECASTING 
Probabilistic Quantitative Precipitation Fore- 
casts Derived from PoPs and Conditional Pre- 
cipitation Amount Climatologies. 
W90-09807 2B 


PRECIPITATION GAGES 
Precipitation Measured by Dual Gages, Wyo- 
ming-Shielded Gages, and in a Forest Opening. 
W90-10478 2B 


PRECIPITATION MAPPING 
Precipitation Retrieval over Land and Ocean 
with the SSM/1I: Identification and Characteris- 
tics of the Scattering Signal. 
W90-09622 7B 


PRECIPITATION SCAVENGING 
Theoretical Study of the Wet Removal of At- 
mospheric Pollutants. Part IV: The Uptake and 
Redistribution of Aerosol Particles through Nu- 
cleation and Impaction Scavenging by Growing 
Cloud Drops and Ice Particles. 
W90-09801 2B 


Laboratory Study of the Efficiency with Which 
Aerosol Particles Are Scavenged by Snow 
Flakes. 

W90-10166 2C 


Contribution of Sulfate and Desert Aerosols to 
the Acidification of Clouds and Rain in Israel. 
W90-10168 5B 


PREDATION 
Distribution of Free-Swimming Macroinverte- 
brates in Acidic Lakes of Maine: The Role of 
Fish Predation. 
W90-09764 2H 


PREDICTION 
Climate-Induced Water Availability Changes in 
Europe. 
W90-09727 6D 


Models for Predicting Benthic Macroinverte- 
brate Habitat Suitability Under Regulated 
Flows. 

W90- 10007 2H 


PRESSURE CONDUITS 
Surge Shaft Stability for 
Schemes. 

W90-10108 8A 


PRESSURE FILTRATION 
Mathematical Model To Predict Orifice Plug- 
ging in a Low-Pressure Distribution System. 
W90-09932 5D 


PRESSURE-MEASURING INSTRUMENTS 
Piezometer Installation and Monitoring Under 
Artesian Conditions. 


W90-10116 7B 


Pumped-Storage 


PRETREATMENT OF WASTEWATER 
Hydraulic Loading Rates For Soil Absorption 
Systems Based on Wastewater Quality. 
W90-09934 5D 


Sewage Sludge Pretreatment and Disposal (Mar 
88 - Apr 89). 
W90- 10066 5D 


PRIMARY PRODUCTION 
Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 5C 


PRIMARY PRODUCTIVITY 
Ecosystem Metabolism and Turnover of Organ- 
ic Carbon Along a Blackwater River Continu- 
um. 

W90-09613 2H 


SUBJECT INDEX 


Phytoplankton Primary Production and Nutri- 
ents in the Oosterschelde (The Netherlands) 
During the Pre-Barrier Period 1980-1984. 

W90-09694 2L 


Oostreschelde Estuary (S. W. Netherlands): A 
Self-Sustaining Ecosystem. 
W90-09697 2L 


Primary Production, Chlorophyll, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


PRINCE EDWARD ISLAND 
Effect of Antecedent Freeze-Thaw Frequency 
on Runoff and Soil Loss from Frozen Soil with 
and without Subsoil Compaction and Ground 
Cover. 
W90-09720 2C 


PROBABILISTIC PROCESS 
Probabilistic Quantitative Precipitation Fore- 
casts Derived from PoPs and Conditional Pre- 
cipitation Amount Climatologies. 
'W90-09807 2B 


Estimating Extreme Events: Log Pearson Type 
3 Distribution. 
W90-10113 71C 


PROBABILITY DISTRIBUTION 


Estimating Extreme Events: Log Pearson Type 
3 Distribution. 
W90-10113 71C 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90-10433 7C 


Probability Distributions of Rain on Seasonally 
Frozen Soils. 


W90-10460 71C 


PROBABILITY ENCODING 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90- 10433 7C 


PROBABLE MAXIMUM PRECIPITATION 
Probabilistic Quantitative Precipitation Fore- 
casts Dezived from PoPs and Conditional Pre- 
cipitation Amount Climaiologies. 

W90-09807 2B 


PROCESS CONTROL 
Real-Time Reservoir Operations by Mathemati- 
cal Programming. 
W90-10107 7B 


PROCESS WATER 
Recovery of Ammonia from Industrial Waste 
Water (Rueckgewinnung von Ammoniak aus In- 
dustrieabwasser). 
W90-10326 5D 


PROJECT PLANNING 
Hazardous Waste Management Engineering. 
W90-09827 SE 


Outreach--Coming Together to Help Small 
Communities. 
W90-09909 5D 


Sanitary Surveys for Small Rural Communities. 
W90-09911 5D 


Woodstock, NY On-Site Wastewater Manage- 
ment Project. 
W90-09914 5D 


Identifying Emerging Water Issues for Electric 
Utilities. 
W90-10070 6D 


PUBLIC POLICY 


Impact of Water and Mineral Development 
Projects on a Rural Community and Its Educa- 
tion Programs. 

W90-10080 5G 


Ground Water Quality Protection, Mining, and 
Mining Facilities in Utah. 
'W90-10094 5G 


Diagram for Designing and Operating Second- 
ary Clarifiers According to the Thickening Cri- 
terion. 

W90-10313 5D 


Large-Scale Irrigation and Drainage Schemes in 
Pakistan. 
W90-10363 3C 


PROJECTS 
Water-Resources Activities, South Carolina Dis- 
trict, 1987-88. 
W90-09515 9C 


PROTECTION 
Effect of Breakers on Blocks of Coastal Protec- 
tion Structures. 
W90-10148 8A 


PROTEINS 
Evaluation of Some Common Aquatic Macro- 
phytes Cultivated in Enriched Water as Possible 
Source of Protein and Biogas. 
W90-09738 5D 


PSEUDOMONAS 
Dynamic Interactions of Pseudomonas aerugin- 
osa and Bacteriophages in Lake Water. 
W90-10303 2H 


PUBLIC HEALTH 
Chlorination, Water Hardness and Serum Cho- 


lesterol in Forty-six Wisconsin Communities. 
W90-09739 SF 


Exposure and Risk Assessment. 
W90-09829 SE 


Tar Creek: Diversion Efforts Towards an Un- 
polluted Future. 
W90-10087 5G 


PUBLIC OPINION 
Permitting a Gold Placer Mine Within the Cap- 
ital City of Montana, Processes and Problems. 
W90-10078 5G 


PUBLIC PARTICIPATION 
Outreach--Coming Together to Help Small 
Communities. 
W90-09909 5D 


New York State Self-Help Support System 
Technical Assistance as a Method to Solve 
Wastewater Treatment Problems. 

W90-09910 5D 


PUBLIC POLICY 
Land Use and Cost Impacts of Private Sewage 
System Policy in Wisconsin. 
W90-09913 5D 


Water Use and Public Policy. 
W90-10109 6D 


Federal Farm Policy and Water Quality. 
W90-10225 6B 


Planting Flexibility: Implications for Ground- 
water Protection. 
W90-10226 5G 


Beyond Swampbuster: A Permanent Wetland 
Reserve. 
W90-10228 6E 


Cross Compliance and Water Quality Protec- 
tion. 
W90-10229 5G 





PUBLIC POLICY 


Clean Water, Clear Choices: An Action Agenda 
for American Agriculture. 
W90-10230 6E 


Nitrate Groundwater Standard for the 1990 
Farm Bill. 
W90-10231 5G 


PUBLIC RIGHTS 

Water Resources Related to Mining and 
Energy-Preparing for the Future. 

W90-10068 5G 


Planning for Water Use and Development. 
W90-10073 6A 


Water for Mineral Development: Acquisition 
and Development of the Right. 
W90-10092 6E 


PUBLIC WATERS 

Waier Resources Related to Mining and 
Energy-Preparing for the Future. 

W90-10068 5G 


PULP AND PAPER INDUSTRY 
Kinetics of Chloroguaiacols and Other Chlorin- 
ated Phenolic Derivatives in Rainbow Trout 
(Salmo Gairdneri). 
W90-10142 5B 


Heavy Metal Removal with Lignin. 
W90-10182 5D 


PUMPED STORAGE 

Surge Shaft Stability for 
Schemes. 

W90-10108 8A 


Pumped-Storage 


PUMPING TESTS 
Interpretation of Pump-Test Data from a Dis- 
used Underground Mine. 
W90-09796 2F 


QATAR 
Groundwater as a Constraint to Irrigation. 
W90-10372 3F 


QUALITY CONTROL 
Using Chemical Analyses and Assessing Quality 
in Aqueous Environmental Monitoring Pro- 
grams. 
W90-09871 SA 


QUANTITATIVE ANALYSIS 
Quantitative Analysis of Volatile Organic Com- 
pounds in Landfill Leachates. 
W90-10272 SA 


QUARTZ 
Numerical Simulation of Coadsorption of Ionic 
Surfactants With Inorganic Ions on Quartz. 
W90-09866 2K 


QUEBEC 
Influence of Temperature on the Efficiency of 
Biological Activated Carbon Filters (Influence 
de la Temperature sur le Rendement des Filtres 
au Charbon Active Biologique). 
W90-10236 5F 


RADAR 
Convective Cloud Characteristics for the Beth- 
lehem Area. 
W90-09757 2B 


Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 

W90-09787 2B 


Method for Measuring Snow Depth Using Fine- 


Resolution Radars. 
W90-10307 2C 


SU-72 


SUBJECT INDEX 


RADIATION 
Short-Wave Heating of Lake Surface Water 
Under a Candled Ice Cover. 
W90-10438 2C 


RADIOACTIVE DATING 
Field Study on the Initial C-14 Content as a 
Limiting Factor in C-14 Groundwater Dating. 
W90-09955 2F 


Isotopic and Geochemical Studies Investigating 
the Genesis of Carbon Isotope Content in Young 
Groundwaters. 

W90-09956 2F 


Groundwater Dating with Helium Isotopes. 
W90-09957 2F 


Silicon-32 in Different Aquifer Types and Impli- 
cations for Groundwater Dating. 
W90-09959 2F 


Modern and Fossil Groundwater in an Arid 
Environment: A Look at the Hydrogeology of 
Southern Oman. 

W90-09960 2F 


RADIOACTIVE TRACERS 
Study of the Evolution of Dredged Material 
Discharges by Means of Radioactive Tracers. 
W90-09990 5B 


Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 

W90-10186 2J 


RADIOACTIVE WASTE DISPOSAL 
Hydrologic Activities of the U.S. Geological 
Survey in Support of the Radionuclide Migra- 
tion Program, Nevada Test Site and Vicinity, 
Nye County, Nevada, Fiscal Year 1987. 
W90-09539 2F 


Hydrogeochemical Interactions and Evolution 
of Acidic Solutions in Soil. 
W90-09858 5B 


Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. 
W90-09861 5B 


Monte Carlo Simulations of Unsaturated Flow 
Through Layered Volcanic Tuffs at Yucca 
Mountain, Nevada. 

W90-10098 5B 


Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 5C 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90-10404 5B 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 5E 


Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 

W90-10406 SE 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 SE 


Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90-10408 5G 


Regulatory Perspectives of Concept Assessment. 
W90-10409 SE 


Role of Uncertainty in the Basalt Waste Isola- 
tion Project. 
W90-10410 5E 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 

W90-10413 5E 


Development of a Methodology of Geochemical 
Sensitivity Analysis for Performance Assess- 
ment. 

W90-10414 5B 


Some Uncertainties About Uncertainty. 
W90-10416 5E 


Some Recent Observations of Channeling in 
Fractured Rocks-Its Potential Impact on Radio- 
nuclide Migration. 

W90-10423 2F 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


Alternative Approach to Uncertainty in Risk 
Analysis and an Exactly Soluble Model for a 
Nuclear Waste Repository. 

W90-10431 % 


Use of Bayesian Analysis for Incorporating Sub- 
jective Information. 
W90-10432 7C 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90-10433 1C 


RADIOACTIVE WASTES 
Mathematical Model for 137Cs Uptake and Re- 
lease by Filamentous Algae. 
W90-09698 5B 


Hydrogeochemical Interactions and Evolution 
of Acidic Solutions in Soil. 
W90-09858 5B 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Uranium Mill Tailings Remedial Action Project: 
A Retrospection. 
W90-10103 5B 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 SE 


Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 

W90-10406 5E 


Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 5E 


Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 


port. 
W90-10420 5B 





RADIOACTIVITY 
Mathematical Model for 137Cs Uptake and Re- 
lease by Filamentous Algae. 
W90-09698 5B 


RADIOACTIVITY EFFECTS 
Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 iC 


RADIOACTIVITY TECHNIQUES 
Use of Radioisotope Tracers to Identify the Lo- 
cation of Seepage Areas in a Dam. 
W90-09986 8A 


Comparative Study of Two Tracer Methods for 
Determining the Hydrodynamic Parameters of 
Porous, Saturated Aquifers (Etude Comparative 
de Deux Methodes de Traceurs pour la Determi- 
nation des Parametres Hydrodynamiques des 
Aquiferes Poreux Satures). 

W90-09987 7B 


RADIOECOLOGY 
Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 5C 


RADIOISOTOPES 

Lessons to Be Drawn from the Performance of a 
Conventional Drinking Water Treatment Plant 
During Fallout from the Chernobyl Accident 
(Enseignments Relatifs aux Performances d’Une 
Filiere Classique de Traitement d’Eau Potable 
Lors des Retombees de |’Accident de Tcherno- 
byl). 

W90-09980 5B 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 5C 


Proceedings of the Conference on Geostatistical, 
Sensitivity, and Uncertainty Methods for 
Ground-Water Flow and Radionuclide Trans- 
port Modeling. 

W90-10404 5B 


Parameter Sensitivity and Importance for Radio- 
nuclide Transport in Double-Porosity Systems. 
W90-10419 5B 


RADIOMETRY 
Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 
W90-09787 2B 


Monitoring Floods with AVHRR. 
W90-10306 2E 


Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90- 10494 2C 


RAIN 
Numerical Simulation of the Chemistry of a 
Rainband. 
W90-10167 2K 


RAIN FORESTS 
Long-term Variability of the Tropical African 
Rainbelt and Its Relation to Rainfall in the Sahel 
and Northern Kalahari. 
W90-09803 2B 


Rain Forests of the Ok Tedi Headwaters, New 
Guinea: An Ecological Analysis. 
W90-10223 21 


SUBJECT INDEX 


Measuring Soil Hydraulic Properties after Clear- 
ing of Tropical Rain Forest in a Costa Rican 
Soil. 

W90-10321 4C 


RAIN GAGES 


Development and Evaluation of an Acid Pre- 
cipitation Monitor for Fractional Event Sam- 
pling with Capability for Real-Time pH, and 
Conductivity Measurement. 

W90-10209 7B 


RAIN SHELTERS 


Irrigation System for Plots Under a Rain Shel- 
ter. 
W90-10165 3F 


RAINFALL 


Appropriate Record Lengths for the Estimation 
of Mean Annual and Mean Monthly Precipita- 
tion in Southern Africa. 

W90-09753 2B 


Principles of Crop and Soil Management Proce- 
dures for Maximizing Production per Unit Rain- 
fall. 

W90-09820 3F 


Opportunities for Productive Use of Rainfall 
Normally Lost to Cropping for Temporal or 
Spatial Reasons. 

W90-09821 3F 


Development of Management Strategies for 
Minimizing the Impact of Seasonal Rainfall Var- 
iation. 

W90-09822 3F 


Rain Forests of the Ok Tedi Headwaters, New 
Guinea: An Ecological Analysis. 
W90-10223 21 


RAINFALL DISPOSITION 
Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part 1: Mesoscale 
Rainfall and Kinematic Structure. 
W90-09808 2B 


Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part II: Downdraft 
Modification and Mixed Layer Recovery. 

'W90-09809 2B 


RAINFALL DISTRIBUTION 
Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 
W90-09787 2B 


Point Rainfall Model Based on a Three-State 
Continuous Markov Occurrence Process. 
W90-09797 2B 


Long-term Variability of the Tropical African 
Rainbelt and Its Relation to Rainfall in the Sahel 
and Northern Kalahari. 

W90-09803 2B 


Upper Air Trough Axis Orientation and the 
Spatial Distribution of Rainfall over Israel. 
Ww90-10293 2B 


Probability Distributions of Rain on Seasonally 
Frozen Soils. 
W90-10460 71C 


RAINFALL FORECASTING 
Evidence of Deterministic Chaos in the Pulse of 
Storm Rainfall. 
W90-09802 2B 


RAINFALL IMPACT 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: I. 
Throughfall Measurement in a Eucalypt Forest: 
Effect of Method and Species Composition. 
W90-09777 2A 


RARE EARTH ELEMENTS 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: II. 
Stemflow and Factors Affecting Stemflow in a 
Dry Sderophyll Eucalypt Forest and a Pinus 
radiata Plantation. 

W90-09778 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: IV. 
The Relationship of Interception and Canopy 
Storage Capacity, the Interception of these For- 
ests, and the Effect on Interception of Thinning 
the Pine Plantation. 

W90-09780 21 


RAINFALL INTENSITY 
Point Rainfall Model Based on a Three-State 
Continuous Markov Occurrence Process. 
W90-09797 2B 


RAINFALL-RUNOFF RELATIONSHIPS 
Comparison of Agricultural Nonpoint Source 
Runoff from No-Till and Conventional Till Veg- 
etable Crop Test Plots. 

W90-09550 5B 


Practical Determination of Hypothetical Floods. 
W90-09672 2E 


Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 

W90-09772 2A 


Flood Hydrograph Estimation from Arid Catch- 
ment Morphology. 
W90-09775 2E 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: I. 
Throughfall Measurement in a Eucalypt Forest: 
Effect of Method and Species Composition. 

W90-09777 2A 


Estimation of Runoff-Routing Model Parameters 
Using Incompatible Storm Data. 
W90-09793 2A 


Determination of Flood Hydrographs for 
Streams in South Carolina: Volume 1. Simula- 
tion of Flood Hydrographs for Rural Water- 
sheds in South Carolina. 

W90-09901 2E 


Oxygen-18 and Deuterium Distribution in Rain- 
fall, Runoff and Groundwater in a Small Semi- 
Arid Basin: The Aravaipa Valley in the Sonora 
Desert, Arizona. 

W90-09965 2A 


TUH of General Hydrologic System Model. 
Ww90-10115 TC 


Probability Distributions of Rain on Seasonally 
Frozen Soils. 
W90-10460 7C 


Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 

W90-10463 2F 


Estimations of Snowmelting Rate in a Small 
Experimental Site. 
W90- 10468 2C 


Effects of Seasonally Frozen Ground in Snow- 
melt Modeling. 
W90-10470 2E 


RARE EARTH ELEMENTS 
Kinetics of Rare Earth Metal Binding to Aquatic 
Humic Acids. 
W90-09886 5B 





RARE EARTH ELEMENTS 


Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 

W90-10221 5A 


REACH 
Influence of the Hydraulic Characteristics of 
River Reaches on the Propagation of Flood 
Peaks (Influence des Caracteristiques Hydrali- 
ques des Biefs sur la Propagation des Pointes de 
Crue). 
W90-10329 2E 


REAERATION 
Traveltime and Reaeration of Selected Streams 
in the North Platte and Yampa River Basins, 
Colorado. 
W90-09897 4C 


RECHARGE 
Snowmelt of Mt. Hermon and Its Contribution 
to the Sources of the Jordan River. 
W90-09791 2A 


Runoff Hydrograph Analysis in Agricultural 
Watersheds by Oxygen-18. 
W90-09981 7B 


RECLAIMED WATER 
Monterey Wastewater Reclamation Study for 
Agriculture. 
W90-10308 3C 


RECOLONIZATION 
Post-Defaunation Recovery of Fish Assem- 
blages in Southeastern Blackwater Streams. 
W90-09612 2H 


RECREATION WASTES 
Effect of Boat Holding Tank Chemicals on 
Treatment Plant Performance. 
W90-10318 5D 


RED TIDE 
Growth Characteristics of Plagioselmis sp. 
(strain 87) Causing Freshwater Red Tide in the 
Lower Part of the Nakasuji River, Japan (in 
Japanese). 
W90-10304 2H 


REFLECTANCE TECHNIQUES 
Using Time-Domain Reflectometry to Measure 
Soil Water in Hawaiian Sugarcane. 
W90-09587 7B 


REGRESSION ANALYSIS 
Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 
W90-10456 2C 


REGULATED FLOW 


Alternatives in Regulated River Management. 
W90-09997 tA 


Perspectives for the Ecological Management of 
Regulated Rivers. 
W90-09998 4A 


Water Temperature, Dissolved Oxygen, and 
Turbidity Control in Reservoir Releases. 
W90-09999 5G 


Water Quality Modeling of Regulated Streams. 
W90-10000 4A 


Flushing Flows. 
W90-10001 5G 


Channel Engineering and Erosion Control. 
W90- 10003 4A 


Use of Instream Habitat Improvement Method- 
ology in Mitigating the Adverse Effects of River 
Regulation on Fisheries. 

W90-10004 81 
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SUBJECT INDEX 


Models for Predicting Benthic Macroinverte- 
brate Habitat Suitability Under Regulated 
Flows. 

W90-10007 2H 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


Instream Habitat Modeling Techniques. 
W90-10009 2H 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 81 


Recommendation and Evaluation of a Mitigative 
Flushing Flow Regime Below a High Mountain 
Diversion. 

W90-10086 4A 


Interrelationships of Races of Lake Sevan Trout, 
Salmo ischchan, Before and After Regulation of 
the Discharge of the Lake (as Indicated by Mor- 
phometric Characters). 

W90-10299 8I 


Ice Jams in Regulated Rivers in Norway, Expe- 
riences and Predictions. 
W90-10499 2C 


REGULATIONS 
Hazardous Waste and Chemical Substances: 
Statutory Review. 
W90-09828 SE 


Subsurface Migration of Hazardous Wastes. 
W90-09836 5B 


Identifying Emerging Water Issues for Electric 
Utilities. 
W90-10070 6D 


Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 

W90-10075 5G 


Protection of Water Resources from Oil and Gas 
Produced Water Disposal. 
W90-10077 5G 


Surface and Ground Water Protection as Relat- 
ed to Public Minerals. 
W90-10079 5G 


Water for Mineral Development: Acquisition 
and Development of the Right. 
W90-10092 6E 


Managing Drilling Wastes in a Northern Envi- 
ronment. 
W90-10101 SE 


Wetlands. 
W90-10332 2H 


REMOTE SENSING 
Precipitation Retrieval over Land and Ocean 
with the SSM/I: Identification and Characteris- 
tics of the Scattering Signal. 
W90-09622 7B 


Landsat and Limnologically Derived Water 
Quality Data: A Perspective. 
W90-09726 7B 


Convective Cloud Characteristics for the Beth- 
lehem Area. 
W90-09757 2B 


Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 

W90-09787 2B 


Low Level Remote Sensing of Aquatic Weeds. 
W90-10030 7B 


Advanced Remote Sensing Approaches in 
Groundwater Exploration. 
W90-10069 2F 


Analysis of Surface Chlorophyll a Distribution 
and Satellite Data in Omura Bay. 
W90-10267 2H 


Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2€ 


Monitoring Floods with AVHRR. 
W90-10306 2E 


Method for Measuring Snow Depth Using Fine- 
Resolution Radars. 
W90-10307 2C 


Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 

W90-10491 7B 


Operational Demonstration of Monitoring 
Snowpack Conditions Utilizing Digital Geosta- 
tionary Satellite Data on an Interactive Comput- 
er System. 

W90-10492 7B 


Applying a Snowmelt-Runoff Model Which Uti- 
lizes Landsat Data in Utah’s Wasatch Moun- 
tains. 

W90-10493 7B 


Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


RESEARCH 


Fiscal Year 1988 Report (Montana Water Re- 
sources Center). 
W90-09517 9D 


Fiscal Year Program Report (Connecticut Insti- 
tute of Water Resources). 
W90-09518 9D 


Fiscal Year 1988 Program Report (Ohio Water 
Resources Center). 
W90-09519 9D 


Fiscal Year 1988 Program Report (District of 
Columbia Water Resources Research Center). 
W90-09520 9D 


Fiscal Year 1988 Program Report (Maine Envi- 
ronmental Studies Center). 
W90-09521 9D 


Fiscal Year 1988 Program Report (Pennsylvania 
Center for Water Resources Research). 
W90-09522 9D 


Fiscal Year 1988 Program Report (Virgin Is- 
lands Water Resources Research Center). 
W90-09523 9D 


Fiscal Year 1988 Program Report (Wisconsin 
Water Resources Center). 
W90-09524 9D 


Fiscal Year 1988 Program Report (West Virgin- 
ia Water Research Institute). 
W90-09547 9D 


Fiscal Year 1988 Program Report (Oregon 
Water Resources Research Institute). 
W90-09548 9D 


Fiscal Year 1988 Program Report (Iowa State 
Water Resources Research Institute). 
W90-09549 9D 





Fiscal Year 1988 Program Report (Florida 
Water Resources Research Center). 
W90-09551 9D 


Fiscal Year 1988 Program Report (South 
Dakota Water Resources Institute). 
W90-09552 9D 


Fiscal Year 1988 Program Report (Georgia 
Water Research Institute). 
W90-09558 9D 


Fiscal Year 1988 Program Report (Illinois Water 
Resources Center). 
W90-09559 9D 


Fiscal Year 1988 Program Report (Nebraska 
Water Center). 
W90-09560 9D 


Fiscal Year 1988 Program Report (Texas Water 
Resources Institute). 
W90-09561 9D 


RESEARCH PRIORITIES 


Drought Research Priorities for the Dryland 
Tropics. 
W90-09811 3F 


Florida’s Onsite Sewage Disposal System 
(OSDS) Research Project. 
W90-09915 5D 


Hydrothermal Modeling of Reservoirs in Cold 
Regions: Status and Research Needs. 
W90-10439 2H 


RESERVOIR DESIGN 


Effects of Aggressive Water on Dam Concrete. 
W90-09646 8F 


RESERVOIR OPERATION 


Real-Time Operation of Tanshui River Reser- 
voirs. 
W90-09669 2E 


Reservoir Storage Reallocation Analysis with 


W90-09673 4A 


Proceedings of Workshop on Management of 
Aquatic Weeds and Mosquitoes in Impound- 
ments. 

W90-10011 4A 


Association of Aquatic Plants and Mosquito 
Production in Impoundments. 
W90-10012 4A 


Management of Aquatic Plants and Mosquitoes 
in the Santee Cooper Hydrologic System. 
W90-10015 4A 


Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 4A 


U.S. Army Corps of Engineers, Wilmington Dis- 
trict Aquatic Weed Control Programs. 
W90-10017 4A 


Evolution of a Mosquito Control Program on a 
Large Inland Impoundment. 
W90-10018 4A 


Overview of TVA Aquatic Plant Management 
Program. 
W90-10020 4A 


Chemical and Physical Management of Aquatic 
Weeds in Municipal Water Supply Reservoirs 
and Other Impoundments. 

W90-10026 4A 


Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


SUBJECT INDEX 


Real-Time Reservoir Operations by Mathemati- 
cal Programming. 
W90-10107 7B 


Susitna Hydroelectric Project Simulation of 
Reservoir Operation. 
W90-10435 4A 


Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90-10436 4A 


Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90-10442 4A 


RESERVOIR RELEASES 
Water Temperature, Dissolved Oxygen, and 
Turbidity Control in Reservoir Releases. 
'W90-09999 5G 


Flushing Flows. 
W90-10001 5G 


RESERVOIR SEDIMENTS 
Sedimentation Studies on Gandhisagar Reser- 
voir. 
W90-09620 2J 


RESERVOIR SILTING 
Sedimentation Studies on Gandhisagar Reser- 
voir. 
W90-09620 2J 


RESERVOIRS 
Effects of Aggressive Water on Dam Concrete. 
W90-09646 8F 


Reservoir Storage Reallocation Analysis with 
PC. 
W90-09673 4A 


Zooplankton of the Wisla-Czarne Dam Reser- 
voir (Southern Poland) in the Years 1975-1984. 
W90-09678 2H 


Landsat and Limnologically Derived Water 
Quality Data: A Perspective. 
W90-09726 7B 


Aquatic Plant Management in Florida. 
W90-10021 4A 


Monitoring Techniques for Mosquitoes Associ- 
ated with Impoundments. 
W90-10029 4A 


Principles of Optimization of the Design of the 
Turukhan Hydroelectric Station Development. 
W90-10155 8C 


Hydrological Analysis of Farm Reservoirs in 
Rainfed Rice Areas. 
W90-10161 3B 


Studies on the Earthy-Musty Odours in Natural 
Water: IV. Mechanism of Earthy-Musty Odour 
Production of Actinomycetes. 

W90-10298 5F 


Hydrothermal Modeling of Reservoirs in Cold 
Regions: Status and Research Needs. 
W90-10439 2H 


Reservoir Water Quality Simulation in Cold Re- 
gions. 
W90-10453 SA 


RESINS 
Anion Exchange Resins: Structure, Formulation, 
and Applications (Jan 77 - Jul 89). 
W90-10042 SF 


RICEFIELDS 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 2: Optimization 
of an XAD-2 Resin Column Methodology. 

W90-10276 5A 


RESOURCE ALLOCATION 
New Approaches to Using Mathematical Pro- 
gramming for Resource Allocation. 
W90-10368 3F 


RESOURCE CONSERVATION AND 
RECOVERY ACT 
Hazardous Waste and Chemical Substances: 
Statutory Review. 
W90-09828 5E 


RESOURCES DEVELOPMENT 
Economic and Social Perspectives on New Irri- 
gation Technology. 
W90-09579 3F 


Organisation of Malawi’s Small Holder Sugar 
Production Under Irrigation. 
W90-09580 3F 


RESOURCES MANAGEMENT 
Planning for Water Use and Development. 
W90-10073 6A 


Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 

W90-10076 6D 


Predicting the Impacts of a Logical Mining Unit 
System on the Water Resources of an Area. 
W90-10084 4C 


New Approaches to Using Mathematical Pro- 
gramming for Resource Allocation. 
W90-10368 3F 


RETURN FLOW 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in and Near Stillwater Wild- 
life Management Area, Churchill County, 
Nevada, 1886-87. 
W90-09530 5B 


Border Irrigation: Dimensionless Runoff Curves 
and Reuse System Design. 
W90-10122 3F 


REVERSE OSMOSIS 
Small Water Treatment Systems in the 1990s. 
W90-10219 5F 


REVIEWS 
Developments in 
Volume 5. 
W90-09992 8B 


Hydraulic Engineering-- 


Water Power Development: Low-Head Hydro- 
power Utilization. 
W90-09993 8B 


RHINE RIVER 
Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 5C 


RICE 
Simulation Model Use for Analyzing Decision 
Variables in Multipump Rice Irrigation System 
Operation. 
W90-10160 3F 


Hydrological Analysis of Farm Reservoirs in 
Rainfed Rice Areas. 
W90-10161 3B 


RICEFIELDS 
Ecology of Some Ricefields in Japan as Exem- 
plified by Some Benthic Fauna, with Notes on 
Management. 
W90-09699 SE 





RIGHT-OF-WAY 


RIGHT-OF-WAY 
Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 
W90-10076 6D 


RIPARIAN LAND 
Groundwater Cation Concentrations in the Ri- 
parian Zone of a Forested Headwater Stream. 
W90-09776 2K 


RIPARIAN VEGETATION 
Mitigation for Impacts to Riparian Vegetation 
on Western Montane Streams. 
W90- 10006 5G 


Woody Debris, Sediment, and Riparian Vegeta- 
tion of a Subalpine River, Montana, U.S.A. 
W90-10264 2J 


RISK ASSESSMENT 
Exposure and Risk Assessment. 
W90-09829 5E 


Principles of Groundwater Flow. 
W90-09839 2F 


Hazardous Waste. 
W90-10125 5D 


Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 
port. 

W90-10420 5B 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7C 


Alternative Approach to Uncertainty in Risk 
Analysis and an Exactly Soluble Model for a 
Nuclear Waste Repository. 

W90-10431 71C 


Use of Bayesian Analysis for Incorporating Sub- 
jective Information. 
W90-10432 7C 


Probability Encoding: Quantifying Judgmental 
Uncertainty over Hydrologic Parameters for 
Basalt. 

W90-10433 7C 


RISKS 
Incorporation of Uncertainties in Real-Time 
Catchment Flood Forecasting. 
W90-09554 2E 


RIVER BASIN DEVELOPMENT 
Multistage Screening Process for River Basin 
Planning. 
W90-09667 6A 


RIVER BASIN PLANNING 
Multi-Objective Approaches to River Basin 
Planning. 
W90-10118 6B 


RIVER BASINS 
Mathematical Models within River Basin Man- 
agement--An Overview. 
W90-09768 6A 


Practical River Basin Management Methods. 
W90-09770 6A 


Developments in and Tasks for Decision Making 
in River Basin Management. 
W90-09771 6B 


Analysis of the Water Balance and the Water 
Resources in the Mountainous Heihe River 
Basin. 

W90-10381 2A 
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RIVER FISHERIES 
Use of Instream Habitat Improvement Method- 
ology in Mitigating the Adverse Effects of River 
Regulation on Fisheries. 
W90- 10004 8I 


Floodplain Fisheries Management. 
W90- 10005 44 


Alternative Approaches in Predicting Trout 
Populations from Habitat in Streams. 
W90-10010 8I 


RIVER FLOW 
Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-09810 5B 


River Processes Methodological Approach: Ex- 
perience with the River Musone, Italy. 
W90-09991 2J 


RIVER FORECASTING 
IUH of General Hydrologic System Model. 
W90-10115 71C 


RIVER ICE 
Regional 
Alaska. 
W90-10472 2C 


Distribution of Stream Icings in 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 6G 


Structure to Control Ice Formation and Ice Jam 
Flooding on Cazenovia Creek, New York. 
W90-10496 2C 


Freezeup Processes Along the Susitna River, 
Alaska. 
W90-10497 2C 


Growth and Decay of River Ice Covers. 
W90-10498 2C 


Ice Jams in Regulated Rivers in Norway, Expe- 
riences and Predictions. 
W90-10499 2C 


Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


RIVER MANAGEMENT 
Alternatives in Regulated River Management. 
W90-09997 44 


Perspectives for the Ecological Management of 
Regulated Rivers. 
W90-09998 4A 


Water Temperature, Dissolved Oxygen, and 
Turbidity Control in Reservoir Releases. 
W90-09999 5G 


Water Quality Modeling of Regulated Streams. 
W90-10000 4 


Flushing Flows. 
W90-10001 5G 


Alternative Channelization Procedures. 
W90-10002 4A 


Channel Engineering and Erosion Control. 
W90-10003 4A 


Use of Instream Habitat Improvement Method- 
ology in Mitigating the Adverse Effects of River 
Regulation on Fisheries. 

W90- 10004 81 


Floodplain Fisheries Management. 
W90-10005 4A 


Mitigation for Impacts to Riparian Vegetation 
on Western Montane Streams. 
'W90- 10006 5G 


Models for Predicting Benthic Macroinverte- 
brate Habitat Suitability Under Regulated 
Flows. 

W90-10007 2H 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


Instream Habitat Modeling Techniques. 
W90-10009 2H 


Alternative Approaches in Predicting Trout 
Populations from Habitat in Streams. 
W90-10010 8I 


RIVER MECHANICS 
Influence of the Hydraulic Characteristics of 
River Reaches on the Propagation of Flood 
Peaks (Influence des Caracteristiques Hydrali- 
ques des Biefs sur la Propagation des Pointes de 
Crue). 
W90-10329 2E 


RIVER REGULATIONS 
Perspectives for the Ecological Management of 
Regulated Rivers. 
W90-09998 4A 


RIVER RESTORATION 
Alternative Channelization Procedures. 
W90-10002 4A 


RIVER SEDIMENTS 
Modeling the Effects of Unsaturated, Stratified 
Sediments on Groundwater Recharge from 
Intermittent Streams. 
W90-09798 2E 


River Processes Methodological Approach: Ex- 
perience with the River Musone, Italy. 
W90-09991 2J 


Woody Debris, Sediment, and Riparian Vegeta- 
tion of a Subalpine River, Montana, U.S.A. 
W90-10264 2J 


RIVER SYSTEMS 
Ecosystem Metabolism and Turnover of Organ- 
ic Carbon Along a Blackwater River Continu- 
um. 
W90-09613 2H 


RIVER TRAINING 
Alternatives in Regulated River Management. 
W90-09997 4A 


Channel Engineering and Erosion Control. 
W90-10003 4A 


RIVERS 
Particulate Organic Matter in the Orinoco 
River: A Pristine Example. 
W90-09649 2H 
Water Quality Modeling of Regulated Streams. 
W90-10000 4 


Aquatic Plant Management in Florida. 
W90-10021 4A 


One-Dimensional Mass Transport in Streams 
with Abrupt Changes in Concentration at the 
Initial Site. 

W90-10149 25 


Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 

W90-10238 2L 


Distribution and Transport of Suspended Partic- 
ulate Matter. 
W90-10284 2J 


Organic Matter in the Gulf of St. Lawrence. 
W90-10286 





Trace Metals in the Water Column. 
W90-10288 2K 


Survival of Genetically Engineered Escherichia 
coli in Natural Soil and River Water. 
W90-10296 5B 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


Discharge Under an Ice Cover. 
W90-10464 7B 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 


ROCKFILL DAMS 
Overview of Current Dam Construction in Aus- 
tralia. 
W90-09642 8A 


Upgrading of Dams in New South Wales. 
W90-09643 8A 


ROCKS 
Geochemical Modeling of Water-Rock Interac- 
tions Using SOLMINEQ.88. 
W90-09855 2K 


Evolution of Dissolution Patterns: Permeability 
Change Due to Coupled Flow and Reaction. 
W90-09862 2K 


Importance of Organic-Inorganic Reactions to 
Modeling Water-Rock Interactions During Pro- 
gressive Clastic Diagenesis. 

W90-09884 2K 


ROLLER COMPACTED DAMS 
Review of Roller Compacted Concrete Dams in 
the 1980s. 
W90-09647 8F 


Design and Construction of the Tashkumyr 
RCC Dam, USSR. 
W90-09648 8A 


ROMANIA 
Isotopic Research on the Groundwaters in the 
Calcareous Formations in Southern Dobruja 
(Romania) (Recherches Isotopiques sur les Eaux 
Souterraines des Formations Calcaires dans la 
Dobroudja Meridionale (Roumanie)). 
W90-09976 2F 


ROOT DEVELOPMENT 
Maize Root Development under Various Levels 
of Salinity and Water Distribution. 
W90-09655 3C 


ROOT ZONE 
Root Zone’s Water-Nitrogen Household Model- 
ling for Operational Purposes in Hungary. 
W90-10514 2G 


ROTIFERS 
Inventory of Rotifer Species Diversity of North- 
ern Michigan Inland Lakes. 
W90-10257 2H 


ROUTING 
Estimation of Runoff-Routing Model Parameters 
Using Incompatible Storm Data. 
W90-09793 2A 


RUNOFF 
Effect of Antecedent Freeze-Thaw Frequency 
on Runoff and Soil Loss from Frozen Soil with 
and without Subsoil Compaction and Ground 
Cover. 
W90-09720 2C 


Conclusions from a Ten Year Study of Oxygen- 
18 in Precipitation and Runoff in Sweden. 
W90-09985 2A 


SUBJECT INDEX 


Effects of Road Deicing Salt on Chloride Levels 
in Four Adirondack Streams. 
W90-10204 5B 


Lotic Vegetation Dynamics Following Disturb- 
ance Along the Swan and Apsley Rivers, Tas- 
mania, Australia. 

W90-10224 2H 


Effect of Acid Deposition on Cation Fluxes in 
Artificially Acidified Catchments in Western 
Norway. 

W90-10240 5C 


Recent Variations of Glaciers and the Influence 
of Climate and Glacier Fluctuations on Runoff 
in China. 

W90-10380 2C 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90-10382 2C 


Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
W90- 10467 2C 


Effects of Seasonally Frozen Ground in Snow- 
melt Modeling. 
W90-10470 2E 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2C 


Modelling Snowmelt Infiltration and Runoff in a 
Prairie Environment. 
W90-10482 2C 


Applying a Snowmelt-Runoff Model Which Uti- 
lizes Landsat Data in Utah’s Wasatch Moun- 
tains. 

W90-10493 7B 


RUNOFF CYCLE 


Snowmelt of Mt. Hermon and Its Contribution 
to the Sources of the Jordan River. 
W90-09791 2A 


RUNOFF FORECASTING 


Practical Determination of Hypothetical Floods. 
W90-09672 2E 


Evaluation of Runoff and Erosion from Surface- 
Mined Areas. 
W90-10111 4C 


IUH of General Hydrologic System Model. 
W90-10115 71C 


FLUPOL: A Model to Forecast Flow Rates and 
Flows of Pollutants in Water Drainage Net- 
works during Rain--Calibration and Validation 
(FLUPOL: Modele de Prevision des Debits et 
des Flux Polluants en Reseaux d’Assainissement 
par Temps de Pluie, Calage et validation). 

W90-10330 5B 


Analysis and Estimation of Runoff in the Bing- 
gou Basin of the Qilian Mountains. 
W90-10379 2E 


Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90-10436 4A 


Using Real-Time (SNOTEL) Data in the 
NWSREFS Model. 
W90-10483 7C 


Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 7C 


Recent Developments in Snowmelt-Runoff Sim- 
ulation. 
W90-10485 7C 


SALINE WATER 


Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 

W90-10490 2C 


RUNOFF RATES 
Border Irrigation: Dimensionless Runoff Curves 
and Reuse System Design. 
W90-10122 3F 


RUNOFF VOLUME 
Determination of Flood WHydrographs for 
Streams in South Carolina: Volume 1. Simula- 
tion of Flood Hydrographs for Rural Water- 
sheds in South Carolina. 
W90-09901 2E 


RURAL AREAS 
Volatile Organic Compounds (VOCs) in Small 
Community Wastewater Disposal Systems Using 
Soil Absorption. 
W90-09939 5B 


SAFETY 
Careful Chemigation Could Help Growers. 
W90-10323 3F 


SAGUENAY FJORD 
Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


SALINE-FRESHWATER INTERFACES 
Potential for Saltwater Intrusion into the Upper 
Floridan Aquifer, Hernando and Manatee Coun- 
ties, Florida. 

W90-09528 5B 


Interface Between Estuaries and Seas. 
W90-09995 2L 


SALINE GROUNDWATER 
Isotopic Studies on Sea Water Intrusion and 
Interrelations between Water Bodies: Some 
Field Examples. 
'W90-09974 2F 


Isotopic Investigation of Groundwater in the 
Cul-de-Sac Plain, Haiti. 
W90-09979 2F 


Groundwater Dynamics Influenced by Irriga- 
tion and Associated Problems of River Salina- 
tion; Breede River, Western Cape Province, 
R.S.A. 

W90-10517 5B 


Groundwater Hydrology and Salinity in a 
Valley in Northeast Thailand. 
W90-10518 2F 


SALINE SOILS 
Assessment of Drip Irrigation of Sugar Cane on 
Poorly Structured Soils in Swaziland. 
W90-09584 3F 


Effect of Spatial Variability on the Estimation of 
the Soluble Salt Content in a Drip-Irrigated 
Saline Loam Soil. 

W90-09654 3F 


Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


Large-Scale Irrigation and Drainage Schemes in 
Pakistan. 
W90-10363 3C 


SALINE WATER 
Activity Coefficients in Aqueous Salt Solutions: 
Hydration Theory Equations. 
W90-09848 2K 


Ion-Association Models and Mean Activity Co- 
efficients of Various Salts. 
W90-09849 2K 





SALINE WATER 


Models for Aqueous Electrolyte Mixtures for 
Systems Extending from Dilute Solutions to 
Fused Salts. 

W90-09850 2K 


Large-Scale Irrigation and Drainage Schemes in 
Pakistan. 
W90-10363 3C 


Groundwater Hydrology and Salinity in a 
Valley in Northeast Thailand. 
W90-10518 2F 


SALINE WATER INTRUSION 
Potential for Saltwater Intrusion into the Upper 
Floridan Aquifer, Hernando and Manatee Coun- 
ties, Florida. 
W90-09528 5B 


Isotopic Studies on Sea Water Intrusion and 
Interrelations between Water Bodies: Some 
Field Examples. 

W90-09974 2F 


Isotopic Investigation of Groundwater in the 
Cul-de-Sac Plain, Haiti. 
W90-09979 2F 


SALINE WATER IRRIGATION 
Irrigation with Brackish Water under Desert 
Conditions: VIII. Further Studies on Onion 
(Allium cepa L.) Production with Brackish 
Water. 
W90-09704 3F 


SALINITY 
Maize Root Development under Various Levels 
of Salinity and Water Distribution. 
W90-09655 3C 


Prediction of Sustained Sodic Irrigation Effects 
on Soil Sodium Saturation and Crop Yields. 
W90-09705 3F 


Environmental Consequences of Salts Exports 
from an Irrigated Landscape in the Ebro River 
Basin, Spain. 

W90-09714 5B 


Segregation Potential--Pressure--Salinity Rela- 
tionships Near Thermal Steady State for a 
Clayey Silt. 

W90-10172 2G 


Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


SALINITY CURRENTS 
Seasonal and Interannual Variability of Current, 
Temperature and Salinity off Southwest Nova 
Scotia. 
W90-09638 2L 


Structure and Interannual Variability of the 
Plankton and Its Environment off Southwest 
Nova Scotia in Late Spring and Early Summer. 
W90-09639 2L 


SALMONELLA 
Fluorescent-Antibody Method Useful for De- 
tecting Viable but Nonculturable Salmonella 
spp. in Chlorinated Wastewater. 
W90-09635 5D 


SALT MARSHES 
Effects of Tide Range Alterations on Salt Marsh 
Sediments in the Eastern Scheldt, S. W. Nether- 
lands. 
W90-09684 4C 


SALT PONDS 
Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
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ica en los sedimentos de esteros de la bahia de 
Cadiz). 
W90-09743 5C 


SALT TOLERANCE 
Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


SALTS 
Effects of Road Deicing Salt on Chloride Levels 
in Four Adirondack Streams. 
W90-10204 5B 


SAMPLE PRESERVATION 
Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 
W90-09763 5A 


SAMPLERS 
Macroinvertebrates in the Demmerik Ditches 
(The Netherlands): The Role of Environmental 
Structure. 
W90-09735 2H 


Soil Core Monitoring. 
W90-09843 5A 


Soil Pore-Liquid Monitoring. 
W90-09844 5A 


SAMPLING 
Changes in the Matric Potential of Soil Water 
with Time after Disturbance of Soil by Mould- 
ing. 
W90-09748 2G 


Hydrochemical Applications of the Analysis of 
Repeated Measurements. 
W90-09756 TA 


Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 

W90-09763 SA 


Soil Core Monitoring. 
W90-09843 5A 


Uncertainties in Ground Water Chemistry and 
Sampling Procedures. 
W90-09870 5A 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


SAN FRANCISCO BAY 
Flood of January 1982 in the San Francisco Bay 
Area, California. 
W90-09898 2E 


SAN JOAQUIN VALLEY 
Biohydrometallurgical Approach to Selenium 
Removal. 
W90-10096 5D 


SAND 
Importance of Organic-Inorganic Reactions to 
Modeling Water-Rock Interactions During Pro- 
gressive Clastic Diagenesis. 
W90-09884 2K 


SAND AQUIFERS 
Vadose-zone Recharge and Weathering in an 
Eocene Sand Deposit, East Texas, U.S.A. 
W90-09795 2F 


SAND FILTERS 
Enhanced Nitrogen Removal Using a Modified 
Recirculating Sand Filter (RSF). 
W90-09927 5D 


Denitrification in a Moving Bed Upflow Sand 
Filter. 
W90-10311 5D 


SAND FILTRATION 
Ultraviolet Disinfection of Septic Tank-Sand- 
filter Effluent. 
W90-09928 5D 


SANDSTONES 
Reconstruction of Reaction Pathways in a Rock- 
Fluid System Using MINTEQ. 
W90-09857 5B 


SANITARY ENGINEERING 
Use of Wetlands for Wastewater Treatment. 
W90-10131 5D 


SANITARY WASTEWATER 
Field Measurements of the Hydraulic Resistance 
of Sanitary Sewers. 
W90-10234 5D 


SATELLITE TECHNOLOGY 
Precipitation Retrieval over Land and Ocean 
with the SSM/I: Identification and Characteris- 
tics of the Scattering Signal. 
W90-09622 7B 


Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 

W90-09787 2B 


Convective and Stratiform Components of a 
Winter Monsoon Cloud Cluster Determined 
from Geosynchronous Infrared Satellite Data. 
W90-09804 2B 


Advanced Remote Sensing Approaches in 
Groundwater Exploration. 
W90-10069 2F 


Analysis of Surface Chlorophyll a Distribution 
and Satellite Data in Omura Bay. 
W90-10267 2H 


Monitoring Floods with AVHRR. 
W90-10306 2E 


Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 

W90-10491 7B 


Operational Demonstration of Monitoring 
Snowpack Conditions Utilizing Digital Geosta- 
tionary Satellite Data on an Interactive Comput- 
er System. 

W90-10492 7B 


SATURATION ZONE 
Movement of Agrochemicals in the Unsaturated 
and Saturated Zones. 
W90-10390 5B 


SAUDI ARABIA 
Water Use in Saudi Arabia: Problems and Policy 
Implications. 
W90-09671 6D 


SAVANNAH RIVER 
Flood Frequency of the Savannah River at Au- 
gusta, Georgia. 
W90-09545 2E 


Environmental Contaminant Concentrations in 
Biota from the Lower Savannah River, Georgia 
and South Carolina. 

W90-09599 5B 


Post-Defaunation Recovery of Fish Assem- 
blages in Southeastern Blackwater Streams. 
W90-09612 2H 





SCATTERING ANALOG 
Scattering Analog for Infiltration in Porous 
Media. 
W90-09746 2G 


SCHEDULING 
Computer Irrigation Scheduling. 
W90-10322 3F 


SCOTLAND 
Forth Estuary: A Nursery and Overwintering 
Area for North Sea Fishes. 
W90-09689 8I 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


SEA GRASSES 
Experimental Transplanting of Seagrasses in 
Botany Bay, Australia. 
W90-10245 2L 


Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


SEA ICE 
Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2C 


SEASONAL VARIATION 
Seasonal and Interannual Variability of Current, 
Temperature and Salinity off Southwest Nova 
Scotia. 
W90-09638 2L 


Influence of Temperature on the Efficiency of 
Biological Activated Carbon Filters (Influence 
de la Temperature sur le Rendement des Filtres 
au Charbon Active Biologique). 

W90-10236 5F 


Seasonal Variation in Copper and Zinc Concen- 
trations in Three Talitrid Amphipods (Crusta- 
cea). 

W90-10270 5B 


SEATTLE 
Brick Sewer Life Extended. 
W90-10218 5D 


SEAWATER 
Efficacy of beta-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 
W90-09628 5A 


Effect of Pressure on Aqueous Equilibria. 
W90-09853 2K 


Prediction of Mineral Solubilities in Natural 
Waters: A Chemical Equilibrium Model for the 
Na-K-Ca-Mg-Cl-SO4-H20 System at Tempera- 
tures below 25 Degrees. 

W90-10239 2K 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


SECONDARY POROSITY 
Evolution of Dissolution Patterns: Permeability 
Change Due to Coupled Flow and Reaction. 
W90-09862 2K 


SECONDARY WASTEWATER TREATMENT 
Diagram for Designing and Operating Second- 
ary Clarifiers According to the Thickening Cri- 
terion. 

W90-10313 5D 
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SEDGES 
Nutrient Release from Swamp Water, Cyperus 
papyrus L. Organs and Swamp Sediments. 
W90-09736 2H 


SEDIMENT ANALYSIS 
Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 
W90-09637 2H 


Labile Metal Content of Sediments: Fractiona- 
tion Scheme Based on Ion-Exchange Resins. 
W90-09650 SA 


Bleidner Vapour Phase Extraction Technique 
for the Determination of Organochlorine Com- 
pounds in Lake Sediments. 

W90-09774 7B 


Effect of Pollution Sources on Metal Concentra- 
tion in Sediment Cores from the Gulf of Aqaba 
(Red Sea). 

W90-10244 5B 


SEDIMENT CONTAMINATION 
Atmospheric Pollution in Beijing, China, as Re- 
corded in Sediments of the Summer Palace 
Lake. 
W90-10214 5B 


SEDIMENT DISTRIBUTION 
Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 
W90-10186 


SEDIMENT EROSION 
Sediment Delivery Ratio Prediction Equations 
for Short Catchment Slopes in a Humid Tropical 
Environment. 
W90-09800 2J 


SEDIMENT LOAD 
Predicting the Impacts of a Logical Mining Unit 
System on the Water Resources of an Area. 
W90-10084 4C 


SEDIMENT TRANSPORT 
Investigation of Sediment Transport in the Aus- 
trian Part of the Danube Using Environmental 
Isotopes. 
W90-09989 2J 


Study of the Evolution of Dredged Material 
Discharges by Means of Radioactive Tracers. 
W90-09990 5B 


River Processes Methodological Approach: Ex- 
perience with the River Musone, Italy. 
W90-09991 2J 


Recommendation and Evaluation of a Mitigative 
Flushing Flow Regime Below a High Mountain 
Diversion. 

W90-10086 4A 


Sediment Transport and Unit Stream Power. 
W90-10112 2J 


Characteristics of a Sediment-Laden Flow in a 
Canal and Calculation of Reliability. 
W90-10146 8B 


One-Dimensional Mass Transport in Streams 
with Abrupt Changes in Concentration at the 
Initial Site. 

W90-10149 2J 


Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, Jemez 
Mountains, New Mexico. 

W90-10177 23 


Woody Debris, Sediment, and Riparian Vegeta- 
tion of a Subalpine River, Montana, U.S.A. 
W90-10264 2J 


Distribution and Transport of Suspended Partic- 
ulate Matter. 
W90- 10284 2J 


Flow Processes and Data Provision for Channel 
Flow Models. 
W90-10340 2J 


Hydrology and Sediment Models. 
W90-10341 2J 


Models of Sediment Transport in Natural 
Streams. 
W90-10342 2J 


Stochastic Models of Sediment Yield. 
W90-10343 2J 


Modelling Erosion on Hillslopes. 
W90-10344 2 


SEDIMENT YIELD 
Hydrology and Sedimentology Modelling on II- 
linois Agricultural Watersheds. 
W90-09553 6A 


Compilation of Mean Annual Suspended-Sedi- 
ment Yields for Selected Streams Draining 
Basins Within and Adjacent to Coal Fields in the 
Eastern United States. 

W90-09889 2J 


Stochastic Models of Sediment Yield. 
W90-10343 2 


SEDIMENTATION 
Sedimentation Studies on Gandhisagar Reser- 
voir. 
W90-09620 25 


Investigation of Sediment Transport in the Aus- 
trian Part of the Danube Using Environmental 
Isotopes. 

W90-09989 2J 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 8I 


Physical Treatment Processes in Water and 
Wastewater Treatment. 
W90-10128 5D 


Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, Jemez 
Mountains, New Mexico. 

W90-10177 2J 


Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 

W90-10186 2J 


Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90-10489 2J 


SEDIMENTATION RATES 
Application of Radioactive Fallout Cesium-137 
for Measuring Soil Erosion and Sediment Accu- 
mulation Rates and Patterns: A Review. 
W90-10186 2J 


SEDIMENTOLOGY 
Holocene Evolution of an Estuarine Coast and 
Tidal Wetlands. 
W90-10176 2L 


SEDIMENTS 
Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 


SU-79 





ica en los sedimentos de esteros de la bahia de 
Cadiz). 
W90-09743 5C 


Summary of Fluvial-Sediment Studies in Ohio, 
Through 1987. 
W90-09900 2 


Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 

W90-10144 5C 


Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


Trace Metals in the Water Column. 
W90-10288 2K 


Trace Metal Geochemistry of Gulf of St. Law- 
rence Sediments. 
W90-10289 2K 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


SEEPAGE 
Use of Radioisotope Tracers to Identify the Lo- 
cation of Seepage Areas in a Dam. 
W90-09986 8A 


SEISMOLOGY 
Hydrologic and Geochemical Monitoring in 
Long Valley Caldera, Mono County, California, 
1986. 
W90-09899 7B 


SELECTIVE WITHDRAWAL 
Ground-Water Use by Public Supply Systems in 
Tennessee in 1985. 
W90-09541 6D 


SELENIUM 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in the Salton Sea Area, Cali- 
fornia, 1986-87. 
W90-09529 5B 


Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in and Near Stillwater Wild- 
life Management Area, Churchill County, 
Nevada, 1886-87. 

W90-09530 5B 


Biohydrometallurgical Approach to Selenium 
Removal. 
W90- 10096 5D 


Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


SEMIARID CLIMATES 

Geochemical and Isotopic Study of Groundwat- 
er Flow Paths in a Volcanic Area under Semi- 
arid Climatic Conditions (Exemple d’Etude 
Geochimique et Isotopique de Circulations 
Aquiferes en Terrain Volcanique sous Climat 
Semi-aride). 

W90-09794 2F 
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SEMIARID LANDS 
Drought Research Priorities for the Dryland 
Tropics. 
W90-09811 3F 


Possibilities and Limitations of Rainfall Analysis 
for Predicting Crop-available Water (Uncertain- 
ties in the Length of the Rainy Season). 

W90-098 12 3F 


Applications of, and Limitations to, Crop 
Growth Simulation Models to Fit Crops and 
Cropping Systems to Semi-Arid Environments. 
W90-09817 3F 


Identifying Crops and Cropping Systems with 
Greater Production Stability in Water-deficit 
Environments. 

W90-09818 3F 


Possibilities for Modifying Crop and Soil Man- 
agement Practices to Maximize Production per 
Unit Rainfall. 

W90-09823 3F 


Oxygen-18 and Deuterium Distribution in Rain- 
fall, Runoff and Groundwater in a Small Semi- 
Arid Basin: The Aravaipa Valley in the Sonora 
Desert, Arizona. 

W90-09965 2A 


Water Balance Study of Two Landfill Cover 
Designs for Semiarid Regions. 
W90-10191 5E 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 5E 


SENSITIVITY ANALYSIS 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90- 10405 SE 


Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90-10408 


Deterministic Methods for Sensitivity and Un- 
certainty Analysis in Large Scale Computer 
Models. 

W90-10411 7C 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 

W90-10413 5E 


Development of a Methodology of Geochemical 
Sensitivity Analysis for Performance Assess- 
ment. 

W90-10414 5B 


Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 


port. 
W90-10420 5B 


Effect of Variable Fracture Permeability/Matrix 
Permeability Ratios on Three-Dimensional Frac- 
tured Rock Hydraulic Conductivity. 

W90-10421 2F 


SENSITIVITY INDEX 
Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 


port. 
W90-10420 5B 


SEPARATION TECHNIQUES 
Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 
W90-10221 SA 


SEPTIC TANKS 
Introduction. 
W90-09837 


Documentation of the Degree of Waste Treat- 
ment Provided by Septic Systems, Vadose Zone 
and Aquifer in Intermountain Soils Underlain by 
Sand and Gravel. 

W90-09918 5D 


Leigh Laboratory Evapo-Transpiration System. 
W90-09923 5D 


Ultraviolet Disinfection of Septic Tank-Sand- 
filter Effluent. 
W90-09928 5D 


Wisconsin At-Grade Soil Absorption System 
For Septic Tank Effluent. 
W90-09929 5D 


Comparison of Parallel and Serial Distribution 
of Septic Tank Effluent. 
W90-09931 5D 


Long-Term Performance of a Pressure Dosed 
Septic Tank Filter Field. 
W90-09936 5D 


Water Quality Management Options For a 
Coarse Alluvial Western Mountain Valley Aqui- 
fer Impacted by Septic System Wastes. 

W90-09943 5G 


Climate as a Factor in Siting Septic Tank Filter 
Fields. 
W90-09948 5D 


Recommended Septic Tank Effluent Loading 
Rates for Fine-Textured, Structured Soils with 
Flow Restrictions. 

W90-09950 5D 


Effect of Boat Holding Tank Chemicals on 
Treatment Plant Performance. 
W90-10318 5D 


SEPTIC WASTEWATER 
Effect of Boat Holding Tank Chemicals on 
Treatment Plant Performance. 
W90-10318 5D 


SEQUENCING BATCH REACTORS 
Operation of a Three-Stage SBR System for 
Nitrogen Removal from Wastewater. 
W90-10315 5D 


SEWAGE SLUDGE 
Measurement of Soil Respiration in the Field: 
Influence of Temperature, Moisture Level, and 
Application of Sewage Sludge Compost and 
Agro-chemicals. 
W90-10319 2G 


SEWER HYDRAULICS 
Field Measurements of the Hydraulic Resistance 
of Sanitary Sewers. 
W90-10234 5D 


SEWER SYSTEMS 
Land Use and Cost Impacts of Private Sewage 
System Policy in Wisconsin. 
W90-09913 5D 


SEWERS 
Brick Sewer Life Extended. 
W90-10218 5D 


SHALE 
Laboratory Determination of Chloride Diffusion 
Coefficient in an Intact Shaie. 
W90-10171 5B 


SHORE PROTECTION 
Effect of Breakers on Blocks of Coastal Protec- 
tion Structures. 
W90-10148 8A 





SHRIMP 
Acute and Chronic Toxicity of Ammonia to 
Marine Fish and a Mysid. 
W90-09594 5C 


Concentration Toxicity to the Fish (Tanichthys 
albonubes) and to the Shrimp (Neocaridina den- 
ticulata), and Inference of Toxicants under 
Lethal Level of the Honmyo River in Nagasaki 
Prefecture. 

W90-10265 5C 


SIERRA NEVADA MOUNTAINS 
Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 
W90-10456 2C 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2C 


In Situ Electrical Measurements of Snow Wet- 
ness in a Deep Snowpack in the Sierra Nevada 
Zone of California. 

W90-10476 7B 


SILICA 
Constant-Capacitance Surface Complexation 
Model: Adsorption in Silica-Iron Binary Oxide 
Suspensions. 
'W90-09867 2K 


SILICON RADIOISOTOPES 
Silicon-32 in Different Aquifer Types and Impli- 
cations for Groundwater Dating. 
W90-09959 2F 


SILT 
Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


SILTY SOILS 
Segregation Potential--Pressure--Salinity Rela- 
tionships Near Thermal Steady State for a 
Clayey Silt. 
W90-10172 2G 


SILVER 
Disinfection of Bacteria in Water Systems by 
Using Electrolytically Generated Copper: Silver 
and Reduced Levels of Free Chlorine. 
W90-09662 5F 


SIMULATION 
PUMPMOD: A Simulation Model for Multi- 
pump Rice Irrigation Systems. 
W90-09652 3F 


Evapotranspiration in a Greenhouse-Warmed 
World: A Review and Simulation. 
W90-09710 2D 


Water Management Using Interactive Computer 
Simulation. 
W90-10106 7B 


SIMULATION ANALYSIS 
Hydrology and Sedimentology Modelling on Il- 
linois Agricultural Watersheds. 
W90-09553 6A 


Reservoir Storage Reallocation Analysis with 
re. 
W90-09673 4A 


One-Dimensional Dispersion in Unsteady Flow 
in an Adsorbing Porous Medium: An Analytical 
Solution. 

W90-09781 5B 


Interpreting the Results 
Drought Experiments. 
W90-098 14 3F 
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Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 

'W90-09896 2F 


Simulation of the Transport of the C-14 in the 
Total Dissolved Inorganic Carbon (DIC) in 
Confined Aquifers Using a Convective-Disper- 
sive Approach (Simulation du Transport du Car- 
bone 14 du CITD dans le Aquifers Captifs par 
une Approche Convecto-Dispersive). 

W90-09958 2F 


Simulation Model Use for Analyzing Decision 
Variables in Multipump Rice Irrigation System 
Operation. 

W90-10160 3F 


Computer Simulation in Geomorphology. 
W90-10348 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90- 10382 2C 


Numerical Simulation of the Effect of Soil Ni- 
trogen Transport and Transformations on 
Groundwater Contamination. 

W90-10401 5B 


Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 

W90-10413 5E 


Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90-10415 2F 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Equivalent Permeability of Statistically Simulat- 
ed Single Fractures. 
W90-10426 2F 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7C 


Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 7C 


Recent Developments in Snowmelt-Runoff Sim- 
ulation. 
W90- 10485 7C 


SIMULATION MODELS 


Oostreschelde Estuary (S. W. Netherlands): A 
Self-Sustaining Ecosystem. 
W90-09697 2: 


SIPHONS 


Siphon Performance and Pressure Distribution 
for On-Site Systems. 
W90-09930 5D 


SITE REMEDIATION 


Department of Defense Installation Restoration 
Program: Remedial Action on Waste Disposal 
Sites (Oct 80 - Oct 89). 

W90- 10037 5G 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90-10099 5G 


SLUDGE DISPOSAL 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 5B 


SITE SELECTION 
Storage of Hazardous Wastes. 
W90-09832 SE 


Hazardous-Waste-Management Facility Siting. 
W90-09835 SE 


Numerical Classification System to Determine 
Overall Site Suitability for Subsurface 
Wastewater Disposal. 

W90-09947 5E 


Climate as a Factor in Siting Septic Tank Filter 
Fields. 
W90-09948 5D 


Evaluation of Florida Soils for On-Site Sewage 
Disposal Systems. 
W90-09949 5D 


Effect of Water Issues on Siting of Energy 
Projects, and the Reverse. 
W90-10074 6G 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 SE 


SLOPE DEGRADATION 
Sediment Delivery Ratio Prediction Equations 
for Short Catchment Slopes in a Humid Tropical 
Environment. 
'W90-09800 2J 


Restrictions on Hillslope Modelling. 
W90-10347 2J 


SLOPE MEASUREMENT 
Simplified Method of Measuring Stream Slope. 
W90-10450 7B 


SLOPES 
Modelling Erosion on Hillslopes. 
W90-10344 2J 


Restrictions on Hillslope Modelling. 
W90-10347 2J 


SLUDGE ANALYSIS 
Parasitic Hazard with Sewage Sludge Applied 
to Land. 
W90-09633 SE 


Content and Fractionation of Heavy Metals in 
Water Treatment Sludges. 
W90-10197 5F 


SLUDGE DEWATERING 
Sludge Dewatering: Industrial Wastes and 
Sewage (Jul 85 - Dec 88). 
'W90- 10045 5D 


Sludge Dewatering: Sewage and Industrial 
Wastes (Jan 78 - Apr 89). 
W90-10056 5D 


SLUDGE DISPOSAL 
Nitrogen Fixation of Soybean and Alfalfa on 
Sewage Sludge-Amended Soils. 
W90-09610 SE 


Parasitic Hazard with Sewage Sludge Applied 
to Land. 
W90-09633 5E 


Ecology of Some Ricefields in Japan as Exem- 
plified by Some Benthic Fauna, with Notes on 
Management. 

W90-09699 5E 


Sewage Sludge Effects on Soil and Plant Quality 
in a Degraded, Semiarid Grassland. 
W90-10196 SE 





SLUDGE DISPOSAL 


Content and Fractionation of Heavy Metals in 
Water Treatment Sludges. 
W90-10197 5F 


SLUDGE DRYING 
Economic Evaluation of Indirect Sludge Drying 
Prior to Incineration Processes. 
W90-10316 5D 


SLUDGE TREATMENT 
Sewage and Industrial Waste Treatment: Wet- 
lands (Jan 77 - Dec 89). 
W90-10034 5D 


Sewage Sludge Treatment by Composting (Jan 
70 - May 89). 
W90-10052 5D 


Sewage Sludge Pretreatment and Disposal (Mar 
88 - Apr 89). 
W90-10066 5D 
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tial for Drip. 
W90-09573 3F 


Soil Water Status: A Concept for Characterising 
Soil Water Conditions Beneath a Drip Irrigated 
Row Crop. 

W90-09574 3F 


SOIL WATER SUCTION 
Laboratory Tests of a Theory of Fingering 
During Infiltration into Layered Soils. 
W90-10247 2G 


SOLAR RADIATION 
Tropicalisation of Automatic Weather Stations 
and Initial Results for Improved Irrigation 
Water Management in Reunion Island. 
W90-09571 3F 


SOLUBILITY 
Modeling Solid-Solution Reactions in Low- 
Temperature Aqueous Systems. 
W90-09852 2K 


Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 

W90-09874 2K 


Revised Chemical Equilibrium Data for Major 
Water-Mineral Reactions and Their Limitations. 
W90-09877 2K 


Solubilities of Aluminum Hydroxides and Oxy- 
hydroxides in Alkaline Solutions. 
W90-09878 2K 


Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


Quantitative Structure-Activity Relationship 
Models for Predicting Aqueous Solubility: Com- 
parison of Three Major Approaches. 

W90-09882 2K 
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SOLUBILITY 


Equilibrium Model for Organic Materials in 
Water. 
W90-09883 2K 


Solubility and Toxicity of Eight Phthalate Esters 
to Four Aquatic Organisms. 
W90-10140 SC 


Solubility of Major Species in Precipitation: 
Factors of Variation. 
W90-10210 2K 


Prediction of Mineral Solubilities in Natural 
Waters: A Chemical Equilibrium Model for the 
Na-K-Ca-Mg-Cl-SO4-H20 System at Tempera- 
tures below 25 Degrees. 

W90-10239 2K 


SOLUTE TRANSPORT 
In Situ  Bioreclamation 
Groundwater. 
W90-09557 5G 


of Contaminated 


Simulation of Molybdate Transport With Differ- 
ent Rate-Controlled Mechanisms. 
W90-09865 5B 


Simulation of the Transport of the C-14 in the 
Total Dissolved Inorganic Carbon (DIC) in 
Confined Aquifers Using a Convective-Disper- 
sive Approach (Simulation du Transport du Car- 
bone 14 du CITD dans le Aquifers Captifs par 
une Approche Convecto-Dispersive). 

W90-09958 2F 


Laboratory Determination of Chloride Diffusion 
Coefficient in an Intact Shale. 
W90-10171 5B 


Penetration Model Parameter Estimation from 
Dynamic Permeability Measurements. 
W90-10246 2G 


Solute Transport by a Volatile Solvent. 
W90-10281 5B 


Hillslope Solute Modelling. 
W90-10345 5B 


Movement of Agrochemicals in the Unsaturated 
and Saturated Zones. 
W90-10390 5B 


Parameter Sensitivity and Importance for Radio- 
nuclide Transport in Double-Porosity Systems. 
W90-10419 5B 


Transport of Dissolved Substances in Fissured 
Granite. 
W90-10424 2F 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Nondispersive Description of Dispersion for 
Simulation of Solute Transport in a Large 
System. 

W90-10502 5B 


Application of the Random Walk Method to 
Simulate the Transport of Kinetically Adsorbing 
Solutes. 

W90-10505 5B 


Transport Processes from Soil Surfaces to 
Groundwaters. 
W90-10513 5B 


Acid Percolation and Disintegration, Transfor- 
mation and Mobilization of Some Substances in 
Finnish Quaternary Deposits. 

W90-10520 5B 


SOLVENTS 
Effect of Pressure on Aqueous Equilibria. 
W90-09853 2K 
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SOUND WAVES 
Troubleshooting Ultrasonic Level Meters. 
W90-10220 7B 


SOUTH AFRICA 
Landsat and Limnologically Derived Water 
Quality Data: A Perspective. 
W90-09726 7B 


Appropriate Record Lengths for the Estimation 
of Mean Annual and Mean Monthly Precipita- 
tion in Southern Africa. 

W90-09753 2B 


Convective Cloud Characteristics for the Beth- 
lehem Area. 
W90-09757 2B 


Observations on Concentrations of the Heavy 
Metals Zinc, Manganese, Nickel and Iron in 
Water, in the Sediments and Two Aquatic Ma- 
crophytes, Typha capensis (Rohrb.) N.E. Br. 
and Arundo donax L., of a Stream Affected by 
Goldmine and Industrial Effluents. 

W90-09758 5B 


Heavy Metal Content in Organs of the African 
Sharptooth Catfish, Clarias gariepinus (Bur- 
chell), from a Transvaal Lake Affected by Mine 
and Industrial Effluents: Part 1. Zinc and 
Copper. 

W90-09759 5B 


SOUTH CAROLINA 


Water-Resources Activities, South Carolina Dis- 
trict, 1987-88. 
W90-09515 9C 


Determination of Flood MHydrographs for 
Streams in South Carolina: Volume 1. Simula- 
tion of Flood Hydrographs for Rural Water- 
sheds in South Carolina. 

W90-09901 2E 


Management of Aquatic Plants and Mosquitoes 
in the Santee Cooper Hydrologic System. 
W90-10015 4A 


Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 4A 


SOUTH DAKOTA 


Water-Resources Appraisal of the Lake Tra- 
verse Indian Reservation in South Dakota. 
W90-09526 2F 


Fiscal Year 1988 Program Report (South 
Dakota Water Resources Institute). 
W90-09552 9D 


SOYBEANS 


Water Deficit Development in Old and New 
Soybean Cultivars. 
W90-09586 3F 


Nitrogen Fixation of Soybean and Alfalfa on 
Sewage Sludge-Amended Soils. 
W90-09610 SE 


SPAIN 


Environmental Consequences of Salts Exports 
from an Irrigated Landscape in the Ebro River 
Basin, Spain. 

W90-09714 5B 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Phytoplankton of the Ebro Delta Bays (Fito- 
plancton de las bahias del delta del Ebro). 
W90-09742 5C 


Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 


Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
ica en los sedimentos de esteros de la bahia de 
Cadiz). 

W90-09743 5C 


SPATIAL VARIATION 

Time-Space Variation of the Chemical and 
Physical Composition in the System of Mouth of 
Mantagua Stream, Chile (Variacion Espacio- 
Temporal de Caracteristicas Quimicas y Fisicas 
en Aguas del Sistema de Desembocadura del 
Estero de Mantagua, Chile). 

W90-10199 2L 


SPECIES COMPOSITION 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: I. 
Throughfall Measurement in a Eucalypt Forest: 
Effect of Method and Species Composition. 
W90-09777 2A 


Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 

W90-10008 7B 


Dynamics of Aquatic Hyphomycetes in an East- 
ern Moroccan Stream. 
W90-10259 2H 


Importance of Climatic Conditions for the 
Structure of Mollusc Communities in European 
Lakes (Importance des Conditions Climatiques 
dans la Differenciation des Peuplements Malaco- 
logiques de Lacs Europeens). 

W90-10260 2H 


SPECIES DIVERSITY 


Investigation on Water Bugs (Heteroptera) in 
Strongly Polluted Lake Suskie (Northern 
Poland). 

W90-09681 5C 


Losses of Biota from American Aquatic Com- 
munities Due to Acid Rain. 
W90-09725 5C 


Inventory of Rotifer Species Diversity of North- 
ern Michigan Inland Lakes. 
W90-10257 2H 


SPECTROPHOTOMETRY 


Simultaneous Determination of Nitrate and Ni- 
trite in Natural Water and Waste Water from 
Uranium Mines with Dual-Wavelength Spectro- 
photometric Method (In Chinese). 

W90-10063 5A 


SPHAGNUM 


Adsorption and Desorption of Perchloroethy- 
lene in Soils, Peat Moss, and Granular Activated 
Carbon. 

W90-10233 5B 


SPILLS 


Determination of Hazardous Waste Concentra- 
tion as a Result of Accidental Discharge. 
W90-10127 5B 


Toxic Spill Index (Emergency Response Index). 
W90-10183 5B 


Enhanced Microbial Degradation of Styrene in 
Shallow Soils and Ground Water. 
W90-10523 5G 


SPRINGS 
Geohydrologic Data for Selected Springs in 
Eastern Nevada Through 1982, with Emphasis 
on White Pine County. 
W90-09534 2F 


SPRINKLER IRRIGATION 
Drag Line Irrigation: Practical Experiences with 
Sugar Cane. 
W90-09563 3F 





Tomato and Sweet Pepper Response to Furrow, 
Microsprinkler and Drip Irrigation. 
W90-10295 3F 


SPRUCE TREES 


Water, Nutrient and Pollutant Budgets in Dam- 
aged Norway Spruce Stands in NE-Bavaria 
(F.R.G.) and Their Changes after Different Fer- 
tilization Treatments. 

W90-10202 5C 


ST LAWRENCE ESTUARY 


Distribution and Transport of Suspended Partic- 
ulate Matter. 
W90-10284 2J 


Nutrients. 
W90-10285 2L 


Organic Matter in the Gulf of St. Lawrence. 
W90-10286 2L 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


Trace Metals in the Water Column. 
W90-10288 2K 


Trace Metal Geochemistry of Gulf of St. Law- 
rence Sediments. 
W90-10289 2K 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


ST LAWRENCE RIVER 


Growth and Decay of River Ice Covers. 
W90-10498 2C 


STABLE ISOTOPES 


Stable Isotopic Composition of Groundwater of 
Central California as an Indicator of Mid-Pleis- 
tocene Tectonic Evolution. 

W90-09963 2F 


Evaporative Enrichment of Deuterium and O-18 
in Arid Zone Irrigation. 
W90-09964 2F 


Oxygen-18 and Deuterium Distribution in Rain- 
fall, Runoff and Groundwater in a Small Semi- 
Arid Basin: The Aravaipa Valley in the Sonora 
Desert, Arizona. 

W90-09965 2A 


Isotopic Geochemistry of the Engadine Mineral 
Springs of Scuol-Tarasp, Switzerland. 
W90-09966 2F 


Isotopic Evidence for the Different Origins of 
the Tulum Valley Groundwaters (San Juan, Ar- 
gentina). 

W90-09967 2F 


Isotope Study of the Oruro-Caracollo Basin (Bo- 
livia) (Estudio Isotopico de la Cuenca de Oruro- 
Caracollo (Bolivia)). 

W90-09968 2F 


Isotopic and Hydrogeological Studies in the 
Southwest of the Dominican Republic (Estudios 
Isotopico e Hidrogeologico en el Suroeste de la 
Republica Dominicana). 

'W90-09969 4B 


Determination of the Flow Regime of Quater- 
nary and Pliocene Layers in the Great Hungari- 
an Plain (Hungary) by D, O-18, C-14 and Noble 
Gas Measurements. 

W90-09970 2F 


Isotopic Studies on Sea Water Intrusion and 
Interrelations between Water Bodies: Some 
Field Examples. 

'W90-09974 2F 


SUBJECT INDEX 


Variability (in Time) of the Isotopic Composi- 
tion of Precipitation: Consequences Regarding 
the Isotopic Composition of Hydrologic Sys- 
tems. 

W90-09983 2B 


Deuterium Content of European Paleowaters as 
Inferred from Isotopic Composition of Fluid In- 
clusions Trapped in Carbonate Cave Deposits. 
W90-09984 2A 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


Chemical Oceanography in the Gulf: Present 
and Future. 
W90-10292 2L 


STATE JURISDICTION 


Establishment of State Rules for Land Applica- 
tion and Utilization of Septage. 
W90-09917 6E 


Federal Reserved Water Rights for Designated 
Wilderness Areas and Other Specific Manage- 
ment Areas. 

W90-10089 6E 


STATISTICAL ANALYSIS 


Evidence of Deterministic Chaos in the Pulse of 
Storm Rainfall. 
W90-09802 2B 


Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90-10408 5G 


MUCK--A Novel Approach to Co-Kriging. 
W90-10427 


STATISTICAL METHODS 


Macroinvertebrates in Dutch Ditches: A Typo- 
logical Characterization and the Status of the 
Demmerik Ditches. 

W90-09734 2H 


Hydrochemical Applications of the Analysis of 
Repeated Measurements. 
W90-09756 TA 


Daily Observations: Necessity, Ritual or Imposi- 
tion. 
W90-10294 TA 


Deterministic Methods for Sensitivity and Un- 
certainty Analysis in Large Scale Computer 
Models. 

W90-10411 7C 


Three-Dimensional Geometric Modelling of a 
Fracture Network. 
W90-10422 7C 


Methodology for Estimating Design Peak Flows 
for Yukon Territory. 
W90-10469 71C 


STEMFLOW 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: II. 
Stemflow and Factors Affecting Stemflow in a 
Dry Sderophyll Eucalypt Forest and a Pinus 
radiata Plantation. 

W90-09778 21 


STOCHASTIC HYDROLOGY 


Stochastic Models of Sediment Yield. 
W90-10343 


Validation of Stochastic Flow and Transport 
Models for Unsaturated Soils: Field Study and 
Preliminary Results. 

W90-10418 5G 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


STORAGE TANKS 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


STOCHASTIC MODELS 
Stochastic Models of Sediment Yield. 
W90-10343 2J 


Simulation of the Stochastic Processes of Melt 
Runoff from Heigou Glacier on Mount Bogeda, 
China. 

W90-10382 2C 


Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90-10415 2F 


Validation of Stochastic Flow and Transport 
Models for Unsaturated Soils: Field Study and 
Preliminary Results. 

W90-10418 5G 


Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 

W90-10425 2F 


Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 

W90-10428 2F 


Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 

W90-10429 2F 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7C 


STOCHASTIC PROCESS 
Cost Effectiveness of the Stream-Gaging Pro- 
gram in Nevada. 
W90-09542 TA 


STONEFLIES 
Preliminary Report on the Stoneflies (Plecop- 
tera) Inhabiting Main Watercourses in the Gorce 
Mts (Southern Poland). 
W90-09680 2H 


STORAGE CAPACITY 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: III. 
Determination of the Canopy Storage Capacity 
of a Dry Sderophyll Eucalypt Forest. 
W90-09779 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: IV. 
The Relationship of Interception and Canopy 
Storage Capacity, the Interception of these For- 
ests, and the Effect on Interception of Thinning 
the Pine Plantation. 

W90-09780 21 


STORAGE REQUIREMENTS 
Hazardous-Waste-Management Facility Siting. 
W90-09835 


STORAGE RESERVOIRS 
Introduction. 
W90-09837 5B 


Chemical and Physical Management of Aquatic 
Weeds in Municipal Water Supply Reservoirs 
and Other Impoundments. 

W90-10026 4A 


STORAGE TANKS 
Effect of Boat Holding Tank Chemicals on 
Treatment Plant Performance. 
W90-10318 5D 
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STORM RUNOFF 


STORM RUNOFF 
Estimation of Runoff-Routing Model Parameters 
Using lacoupaic Je Storm Data. 
W90-09793 2A 


Runoff-Induced Metals in Lakes Bay, New 
Jersey. 
W90-10135 5B 


FLUPOL: A Mcdel to Forecast Flow Rates and 
Flows of Pollutants in Water Drainage Net- 
works during Rain--Calibration and Validation 
(FLUPOL: Modele de Prevision des Debits et 
des Flux Poliuants en Reseav« 4’Assainissement 
par Temps de Pluie, Calage et validation). 

W90-10330 5B 


STORM SURGE BARRIERS 
Average Annual Growth and Condition of Mus- 
sels as a Function of Food Source. 
W90-09695 2L 


Flora and Fauna of the Sublittoral Hard Sub- 
strata in the Oosterschelde (The Netherlands)-- 
Interactions with the North Sea and the Influ- 
ence of a Storm Surge Barrier. 

W90-09696 2L 


Oostreschelde Estuary (S. W. Netherlands): A 
Self-Sustaining Ecosystem. 
W90-09697 2L 


STORM WASTEWATER 
Brick Sewer Life Extended. 
W90-10218 5D 


STORM WATER 
Evidence of Deterministic Chaos in the Pulse of 
Storm Rainfall. 
W90-09802 2B 


STORM WATER MANAGEMENT 
Role of the Long-term Water Balance in Man- 
agement of Stormwater Infiltration. 
W90-09788 4B 


Estimation of Runoff-Routing Model Parameters 
Using Incompatible Storm Data. 
W90-09793 2A 


STORM WATER OVERFLOW 
High-Rate Coliform Disinfection of Stormwater 
Overflow. 
W90-10317 5D 


STORMS 
Convective Cloud Characteristics for the Beth- 
lehem Area. 
W90-09757 2B 


Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part 1: Mesoscale 
Rainfall and Kinematic Structure. 

W90-09808 2B 


Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part II: Downdraft 
Modification and Mixed Layer Recovery. 

W90-09809 2B 


STRATIFIED FLOW 
Stratification during Periods of Oxygen Defi- 
ciency in the German Bight during the Summers 
from 1981 to 1983: A Comparison with the 
Long-term Variation in Stratification. 
W90-09805 2L 
STRATIGRAPHY 
Lithology of Basin-Fill Deposits in the Albu- 
querque-Belen Basin, New Mexico. 
W90-09905 2F 


Holocene Evolution of an Estuarine Coast and 


Tidal Wetlands. 
W90-10176 2L 
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STREAM BIOTA 
Seasonal Fluctuation in Species Composition of 
Aquatic Hyphomycetous Flora in a Temperate 
Freshwater Stream of Central Himalaya, India. 
W90-09619 2H 


STREAM CHEMISTRY 
Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 
W90-10193 5B 


STREAM DISCHARGE 


Hydrogeologic Investigations Conducted to Es- 
timate Ground Water Flow Rates into a Surface 
Mining Pit Using a Computer Model. 

W90-10072 2F 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 8I 


Recommendation and Evaluation of a Mitigative 
Flushing Flow Regime Below a High Mountain 
Diversion. 

W90-10086 4A 


Discharge Under an Ice Cover. 
W90-10464 7B 


STREAM ECOLOGY 


Ecological Characteristics of Caddis Flies (Tri- 
choptera) of Streams in the Gorce Mts (South- 
ern Poland). 

W90-09679 2H 


Preliminary Report on the Stoneflies (Plecop- 
tera) Inhabiting Main Watercourses in the Gorce 
Mts (Southern Poland). 

W90-09680 2H 


STREAM EROSION 
Modelling Landform Change. 
W90-10346 2J 


Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2 


STREAM FISHERIES 
Compliance with Instream Flow Agreements in 
Colorado, Montana, and Wyoming. 
W90-09616 6E 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 81 


Recommendation and Evaluation of a Mitigative 
Flushing Flow Regime Below a High Mountain 
Diversion. 

W90- 10086 4A 


STREAM GAGING 
Cost Effectiveness of the Stream-Gaging Pro- 
gram in Nevada. 
W90-09542 TA 


STREAM ICINGS 
Regional Distribution of Stream Icings in 
Alaska. 


W90-10472 2C 


STREAM POLLUTION 
Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 
W90-09606 5B 


Modeling Organic Pollution of Streams. 
W90-10126 5B 


Trace Contaminants in Streams. 
W90-10130 


STREAMBEDS 


Pattern and Origin of Stepped-Bed Morphology 
in High-Gradient Streams, Western Cascades, 
Oregon. 

W90-10178 23 


STREAMFLOW 


Ground-Water Inflow to the Deschutes River 
Near the Warm Springs Indian Reservation, 
Oregon, August 1985. 

W90-09533 2F 


Watershed Test of Snow Fence to Increase 
Streamflow: Preliminary Results. 
W90-10440 4A 


Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 

W90-10449 7B 


Simplified Method of Measuring Stream Slope. 
W90-10450 7B 


Role of Snowcover on Diurnal Nitrate Concen- 
tration Patterns in Streamflow From a Forested 
Watershed in the Sierra Nevada, Nevada, USA. 
W90-10452 2K 


STREAMFLOW DATA 


Compliance with Instream Flow Agreements in 
Colorado, Montana, and Wyoming. 
W90-09616 6E 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90-10088 5B 


STREAMFLOW DEPLETION 


Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 

W90-10085 81 


STREAMFLOW FORECASTING 


Real-Time Operation of Tanshui River Reser- 
voirs. 
W90-09669 2E 


Improved Hydrologic Forecasting--Results from 
a WMO Real-Time Forecasting Experiment. 
W90-09792 2E 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90-10088 5B 


Using Real-Time (SNOTEL) Data in the 
NWSREFS Model. 
W90- 10483 7c 


Applying a Snowmelt-Runoff Model Which Uti- 
lizes Landsat Data in Utah’s Wasatch Moun- 
tains. 


W90-10493 7B 


STREAMS 


Post-Defaunation Recovery of Fish Assem- 
blages in Southeastern Blackwater Streams. 
W90-09612 2H 


Survey of Columbia River Basin Streams for 
Columbia Pebblesnail and Shortface Lanx. 
W90-09615 2H 


Trace Contaminants in Streams. 
W90-10130 5B 


Designs of Inlet Works at the Intersection of a 
Canal with a Stream. 


W90-10151 8A 


Effects of Road Deicing Salt on Chloride Levels 
in Four Adirondack Streams. 
W90- 10204 5B 





Dynamics of Aquatic Hyphomycetes in an East- 
ern Moroccan Stream. 
W90-10259 2H 


STREPTOMYCES 
Studies on the Earthy-Musty Odours in Natural 
Water: IV. Mechanism of Earthy-Musty Cdour 
Production of Actinomycetes. 
W90-10298 5F 


STRIP CROPPING 
Farmers’ Response to a Filter Strip Program: 
Results from a Contingent Valuation Survey. 
W90-10232 5G 


STRIP MINES 
Evaluation of Runoff and Erosion from Surface- 
Mined Areas. 
Ww90-10111 4C 


STRUCTURE-ACTIVITY RELATIONSHIPS 
Quantitative Structure-Activity Relationship 
Models for Predicting Aqueous Solubility: Com- 
parison of Three Major Approaches. 

W90-09882 2K 


Survival of the Fattest. Implications for Acute 
Effects of Lipophilic Chemicals on Aquatic Pop- 
ulations. 

W90-10138 5C 


Toxicant-Induced Mortality in Models of Daph- 
nia Populations. 
W90-10139 5C 


STYRENE 
Enhanced Microbial Degradation of Styrene in 
Shallow Soils and Ground Water. 
W90-10523 5G 


SUBARCTIC ZONE 
Hydrology of Two Subarctic Watersheds. 
W90-10465 2A 


SUBLETHAL EFFECTS 
Heptachlor Induced Hematological and Bio- 
chemical Changes in the Indian Catfish (Heter- 
opneustes fossilis (Bloch.)). 
W90-09682 5C 


SUBMERGED PLANTS 
Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 


SUBSURFACE DRAINAGE 
Empirical Model of the Relationship Between 
Irrigation and the Volume of Water Collected in 
Subsurface Drains. 
W90-09658 3F 


SUBSURFACE MAPPING 
Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7C 


SUDAN 
Sources of Recharge to the Basal Nubian Sand- 
stone Aquifer, Butana Region, Sudan. 
'W90-09962 2F 


SUGARCANE 
Drag Line Irrigation: Practical Experiences with 
Sugar Cane. 


W90-09563 3F 


Low Head Drip Irrigation System for Small- 
holdings. 
W90-09564 3F 


Reticulation of Ethanol Stillage through Irriga- 
tion Systems and Its Use for Fertilisation of 
Sugarcane in Zimbabwe. 

W90-09565 3C 


Importance of Irrigation Regime, Dripline 
Placement and Row Spacing in the Drip Irriga- 
tion of Sugar Cane. 

W90-09567 3F 


SUBJECT INDEX 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Tolerance of Sugarcane to Water Stress During 
Its Main Development Phases. 
W90-09569 3F 


Irrigation Research, Development and Practice 
in Mauritius. 
'W90-09570 3F 


Tropicalisation of Automatic Weather Stations 
and Initial Results for Improved Irrigation 
Water Management in Reunion Island. 

W90-09571 3F 


Experience with Approximately 600 Hectare of 
Drip Irrigation at Simunye Sugar Estate, Swazi- 
land. 

W90-09572 3F 


Soil Water Status: A Concept for Characterising 
Soil Water Conditions Beneath a Drip Irrigated 
Row Crop. 
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Control of Drip Irrigation of Sugarcane Using 
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Control by the Water Budget Method. 

W90-09575 3F 


Resource Use in Intercropping Systems. 
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Influence of Drip Irrigation Emission Rate on 
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Production Under Irrigation. 
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Small Holder Irrigated Cane in the Kano Plains 
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nomic Viability of Drip and Overhead Irrigation 
of Sugarcane in Mauritius. 
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Assessment of Drip Irrigation of Sugar Cane on 
Poorly Structured Soils in Swaziland. 
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mers from Sediments. 
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Contaminant Dilution. 
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SULFUR 
Modeling Dynamic Hydrothermal Processes by 
Coupling Sulfur Isotope Distributions With 
Chemical Mass Transfer: Approach. 
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SULFUR DIOXIDE 
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Sulphur and Nitrogen in the Atmosphere. 
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semblages at a Marine Superfund Site: Com- 
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tions on Surface and Groundwater Resources. 
W90-10100 

Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


SU-90 


SUBJECT INDEX 


SURFACE WATER AVAILABILITY 
Arctic Water Availability: Data Bases to Meet 
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Grundlagen und LAS-Bestimmung unter relativ 
problemlosen Bedingungen). 

W90-10208 5A 


SURGE SHAFTS 
Surge Shaft 
Schemes. 
W90-10108 8A 


SURVEYING INSTRUMENTS 
Simplified Method of Measuring Stream Slope. 
W90-10450 7B 


SURVEYS 
Inventory of Rotifer Species Diversity of North- 
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SUSITNA HYDROELECTRIC PROJECT 
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W90-10442 4A 


SUSITNA RIVER 
Some Aspects of Glacier Hydrology in the 
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SWAMPS 
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SWAZILAND 
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Flow Modeling in the Swiss Radioactive Waste 
Program. 

W90-10407 SE 


SYMPOSIUM 
Snow Cover and Glacier Variations. 
W90-10374 2C 


Proceedings of the Symposium: Cold Regions 
Hydrology. 
W90-10434 2C 


SYRIA 
Measurement and Estimation of Evaporation 
from Soil Under Sparse Barley Crops in North- 
ern Syria. 
W90-09713 3F 





SYSTEMS ANALYSIS 
New Approaches to Using Mathematical Pro- 


gramming for Resource Allocation. 
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TASMANIA 
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W90-10239 2K 


TEMPERATURE GRADIENT 
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Effects of Tide Range Alterations on Salt Marsh 
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TOXIC WASTES 


Toxic Substances: Effects on Fish (Jan 78 - Jul 
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Acute and Chronic Toxicity of Ammonia to 
Marine Fish and a Mysid. 
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Lethal Level of the Honmyo River in Nagasaki 
Prefecture. 

W90-10265 5C 
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Anaerobic Biodegradabiiity and Toxicity of Hy- 
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Evaluation of a 14-Day Static Renewal Toxicity 
Test with Daphnia magna Straus. 
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Determination of Iodine in Oyster Tissue by 
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Mass Spectrometry. 
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Trace Contaminants in Streams. 
W90-10130 5B 


TRACE METALS 
Cadmium and Copper Accumulation in the 
Common Mussel Mytilus edulis in the Western 
Scheldt Estuary: A Model Approach. 
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er Flow Paths in a Volcanic Area under Semi- 
arid Climatic Conditions (Exemple d’Etude 
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Use of Radioisotope Tracers to Identify the Lo- 
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Comparative Study of Two Tracer Methods for 
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Distribution of Metals in a Polluted Aquifer: A 
Comparison of Aquifer Suspended Material to 
Fine Sediments of the Adjacent Environment. 
W90-10278 5B 


Monterey Wastewater Reclamation Study for 
Agriculture. 
'W90- 10308 3C 


Prediction of Variations in Ground-Water Qual- 
ity under the Influence of Pen Sewage Irriga- 
tion. 

W90-16400 5B 


WASTEWATER LAGOONS 


Wastewater Treatment: Lagoons (Jan 77 - May 
89). 
W90-10054 5D 


WASTEWATER MANAGEMENT 


On-Site Wastewater Treatment. 
W90-09908 5D 


On-Site Management Within a Utility Frame- 
work. 
W90-09912 5D 


Woodstock, NY On-Site Wastewater Manage- 
ment Project. 
'W90-09914 5D 





WASTEWATER POLLUTION 


Humber Estuary--A Case Study. 
W90-09692 5B 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
ica en los sedimentos de esteros de la bahia de 
Cadiz). 

W90-09743 5C 


Impact of Adverse Hydrological Events on Bac- 
terial Translocation in Coarse Soils Near On-Site 
Wastewater Treatment Systems. 

W90-09919 5B 


Ground Water Modeling with Uncertainty 
Analysis to Assess the Contamination Potential 
from Onsite Sewage Disposal Systems (OSDS) 
in Florida. 

W90-09937 5B 


Volatile Organic Compounds (VOCs) in Small 
Community Wastewater Disposal Systems Using 
Soil Absorption. 

W90-09939 5B 


Coliforms as a Measure of Sewage Contamina- 
tion of the River Zambezi. 
W90-10297 5B 


WASTEWATER RENOVATION 


Reclaimed Wastewater Storage in Ground- 
Water Basins. 
W90-09666 3C 


Comparison of Parallel and Serial Distribution 
of Septic Tank Effluent. 
W90-09931 5D 


WASTEWATER TREATMENT 


Fluorescent-Antibody Method Useful for De- 
tecting Viable but Nonculturable Salmonella 
spp. in Chlorinated Wastewater. 

W90-09635 5D 


Safety and Rehabilitation of Tailings Dams. 
W90-09645 8A 


Application of Ultrafiltration Membranes for 
Solids - Liquid Separation in Anaerobic Diges- 
tion Systems: The ADUF Process. 

W90-09752 5D 


Chemical Precipitation of Leachate from Sani- 
tary Landfills at Municipal Sewage Treatment 
Plants. 

W90-09766 5D 


Hazardous Waste Management Engineering. 
'W90-09827 SE 


Chemical, Physical, and Biological Treatment of 
Hazardous Waste. 
W90-09830 5D 


Incineration of Hazardous Waste. 
W90-09831 5D 


Hazardous-Waste Leachate Management. 
W90-09834 SE 


On-Site Wastewater Treatment. 
W90-09908 5D 


Outreach--Coming Together to Heip Small 
Communities. 
W90-09909 5D 


SUBJECT INDEX 


New York State Self-Help Support System 
Technical Assistance as a Method to Solve 
Wastewater Treatment Problems. 

W90-09910 5D 


Sanitary Surveys for Small Rural Communities. 
W90-09911 5D 


On-Site Management Within a Utility Frame- 
work. 
W90-09912 5D 


Land Use and Cost Impacts of Private Sewage 
System Policy in Wisconsin. 
W90-09913 5D 


Woodstock, NY On-Site Wastewater Manage- 
ment Project. 
W90-09914 5D 


Florida’s Onsite Sewage Disposal System 
(OSDS) Research Project. 
W90-09915 5D 


Removal Mechanisms for Particulate and Solu- 
ble BOD in Soil Infiltration. 
W90-09916 5D 


Establishment of State Rules for Land Applica- 
tion and Utilization of Septage. 
W90-09917 6E 


Documentation of the Degree of Waste Treat- 
ment Provided by Septic Systems, Vadose Zone 
and Aquifer in Intermountain Soils Underlain by 
Sand and Gravel. 

W90-09918 5D 


Impact of Adverse Hydrological Events on Bac- 
terial Translocation in Coarse Soils Near On-Site 
Wastewater Treatment Systems. 

W90-09919 5B 


Human and Animal Wastes Mixed for Disposal 
to Land: Inactivation of Viruses and Parasites in 
a Laboratory Model. 

W90-09920 5E 


Evaluation of the NTRM Model for Land Ap- 
plication of Septage. 
W90-09921 SE 


Design, Installation, and Operation of a Low- 
Pressure Pipe Sewage Absorption System in the 
Missouri Claypan Soil. 

W90-09922 5D 


Leigh Laboratory Evapo-Transpiration System. 
W90-09923 5D 


Onsite Batch Recirculation Bottom Ash Filter 
Performance. 
W90-09924 5D 


Summary of a 5-Year Monitoring Effort on Al- 
ternative Systems in Indiana. 
W90-09925 5D 


Evaluation of Nitrogen Removal Systems for 
On-Site Sewage Disposal. 
W90-09926 5D 


Enhanced Nitrogen Removal Using a Modified 
Recirculating Sand Filter (RSF). 
W90-09927 5D 


Ultraviolet Disinfection of Septic Tank-Sand- 
filter Effluent. 
W90-09928 5D 


Wisconsin At-Grade Soil Absorption System 
For Septic Tank Effluent. 
W90-09929 5D 


Siphon Performance and Pressure Distribution 
for On-Site Systems. 
W90-09930 5D 


WASTEWATER TREATMENT 


Comparison of Parallel and Serial Distribution 
of Septic Tank Effluent. 
W90-09931 5D 


Mathematical Model To Predict Orifice Plug- 
ging in a Low-Pressure Distribution System. 
W90-09932 5D 


Flow Distribution by Gravity Flow in Perforat- 
ed Pipe. 
W90-09933 5D 


Hydraulic Loading Rates For Soil Absorption 
Systems Based on Wastewater Quality. 
W90-09934 5D 


Design of Small Community Sewage Systems 
with Microcomputers. 
W90-09935 5D 


Long-Term Performance of a Pressure Dosed 
Septic Tank Filter Field. 
W90-09936 5D 


Predicting The Groundwater Flow Field Under 
Large Soil Absorption Systems Using a Simple 
Two-Dimensional, Analytical Model. 

W90-09941 2F 


Experimental Groundwater Draw Down Using 
a Curtain Drain on a Henry Soil in Jefferson 
County, Arkansas. 

W90-09942 5D 


Water Quality Management Options For a 
Coarse Alluvial Western Mountain Valley Aqui- 
fer Impacted by Septic System Wastes. 

W90-09943 5G 


Determination of a Site’s Hydraulic Capacity. 
W90-09944 


Comparative Study of Three Soil Absorption 
Trench Designs Installed in an Illinoian Till Soil. 
W90-09945 5D 


Hydraulic Properties of Soils as Affected by 
Surface Application of Septage. 
W90-09946 SE 


Numerical Classification System to Determine 
Overall Site Suitability for Subsurface 
Wastewater Disposal. 

W90-09947 5E 


Climate as a Factor in Siting Septic Tank Filter 
Fields. 
W90-09948 5D 


Evaluation of Florida Soils for On-Site Sewage 
Disposal Systems. 
W90-09949 5D 


Recommended Septic Tank Effluent Loading 
Rates for Fine-Textured, Structured Soils with 
Flow Restrictions. 

W90-09950 5D 


Polychlorinated Biphenyls: Occurrence and 
Treatment in Municipal and Industrial Wastes 
(Jan 77 - Aug 89). 

W90-10032 5D 


Sewage and Industrial Waste Treatment: Wet- 
lands (Jan 77 - Dec 89). 
W90-10034 5D 


Ozonation Used in Water and Sewage Treat- 
ment (Jan 70 - Mar 90). 
W90-10035 5D 


Sewage Treatment Costs and Economics (Jan 79 
- Jun 87). 
W90- 10036 5D 


Sewage Treatment Costs and Economics (Jul 87 
- Jul 89). 
W90-10039 5D 





WASTEWATER TREATMENT 


Sludge Dewatering: Industrial Wastes and 
Sewage (Jul 85 - Dec 88). 
W90-10045 5D 


Acid Mind Drainage (Jan 77 - Jan 89). 
W90-10046 5B 


Sewage Sludge Treatment by Composting (Jan 
70 - May 89). 
W90-10052 5D 


Metals Recovery from Wastes (Jun 70 - Apr 88). 
W90-10053 5D 


Wastewater Treatment: Lagoons (Jan 77 - May 
89). 
W90-10054 5D 


Sludge Dewatering: Sewage and Industrial 
Wastes (Jan 78 - Apr 89). 
W90-10056 5D 


Leachate Treatment (Jan 77 - Apr 89). 
W90-10057 5D 


Metals Recovery from Wastes (May 88 - Dec 
89). 
W90-10060 5D 


Leachate Treatment (Jan 72 - Apr 89). 
W90- 10064 5D 


Metals Recovery from Wastes (Jan 77 - Apr 89). 
W90-10065 5D 


Sewage Sludge Pretreatment and Disposal (Mar 
88 - Apr 89). 
W90- 10066 5D 


Technological Progress in Alaska Placer Mining 
Operations. 
W90-10082 5G 


Tar Creek: Diversion Efforts Towards an Un- 
polluted Future. 
W90-10087 5G 


Biohydrometallurgical Approach to Selenium 
Removal. 
W90-10096 5D 


Reaction of Calcite with Dilute Fluoride Solu- 
tions. 
W90-10097 5D 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90-10099 5G 


Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


Physical Treatment Processes in Water and 
Wastewater Treatment. 
W90-10128 5D 


Use of Wetlands for Wastewater Treatment. 
W90-10131 5D 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 1. Characteristics of Ca, 
Al and Fe Precipitated Sewage Sludges. 

W90-10156 5D 


Effects of Phosphorus Precipitation Chemicals 
on Characteristics and Agricultural Value of 
Municipal Sewage Sludges: 2. Effect of Sewage 
Sludges on Yield, Element Contents and Uptake 
by Spring Barley (Hordeum vulgare, L). 

W90-10157 5D 


Electrochemical Processes in Environmental 


Protection (Elektrochemische Umwelttechnik). 
W90-10175 5D 


SU-98 


SUBJECT INDEX 


Slurry Mixing with Impellers: Part 1. Theory 
and Previous Research. 
W90-10179 5D 


Model of the Vertical Distribution of Solids 
During Slurry Mixing. 
W90-10180 5D 


Convex Bladed Mixed Flow (CBMF) Impeller: 
A High Performance Agitator for Mixing Slur- 
ries. 

W90-10181 5D 


Heavy Metal Removal with Lignin. 
W90-10182 5D 


Oxygen Transport through Aquatic Macro- 
phytes: The Role in Wastewater Treatment. 
W90-10190 5D 


Processes of Iron and Manganese Retention in 
Laboratory Peat Microcosms Subjected to Acid 
Mine Drainage. 

W90-10195 5B 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Bulking Sludge Causing Bacteria from Sewage 
Treatment Plants: II. Growth Physiology of Fil- 
amentous Bacteria (Blahschlamm verursachende 
Bakterien aus Klaranlagen. II. Wachstumsphy- 
siologie fadenformiger Bakterien). 

W90-10206 5D 


Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 

W90-10207 5D 


Parachlorophenol Degradation Using Bioaug- 
mentation. 
W90-10309 5D 


Anaerobic Biodegradability and Toxicity of Hy- 
drogen Peroxide Oxidation Products of Phenols. 


W90-10310 5D 


Denitrification in a Moving Bed Upflow Sand 
Filter. 
W90-10311 5D 


Diagram for Designing and Operating Second- 
ary Clarifiers According to the Thickening Cri- 
terion. 

W90-10313 5D 


Denitrification in a Batch Wastewater Treat- 
ment System Using Sequestered Organic Sub- 
stances. 


W90-10314 5D 


Operation of a Three-Stage SBR System for 
Nitrogen Removal from Wastewater. 
W90-10315 5D 


Economic Evaluation of Indirect Sludge Drying 
Prior to Incineration Processes. 


W90-10316 5D 


High-Rate Coliform Disinfection of Stormwater 
Overflow. 
W90-10317 5D 


Effect of Boat Holding Tank Chemicals on 
Treatment Plant Performance. 
W90-10318 5D 


Recovery of Ammonia from Industrial Waste 
Water (Rueckgewinnung von Ammoniak aus In- 
dustrieabwasser). 

W90-10326 5D 


WASTEWATER TREATMENT FACILITIES 


New York State Self-Help Support System 
Technical Assistance as a Method to Solve 
Wastewater Treatment Problems. 

W90-09910 5D 


Wetlands. 
W90-10332 2H 


WASTEWATER UTILIZATION 


Reticulation of Ethanol Stillage through Irriga- 
tion Systems and Its Use for Fertilisation of 
Sugarcane in Zimbabwe. 

W90-09565 3C 


Effect of Municipal Wastewater Irrigation and 
Rate of N Fertilization on Petiole Composition, 
Yield and Quality of Okanagan Riesling Grapes. 
W90-09603 3C 


Evaluation of Some Common Aquatic Macro- 
phytes Cultivated in Enriched Water as Possible 
Source of Protein and Biogas. 

W90-09738 5D 


Impact of Utilization in River Basin Manage- 
ment. 
W90-09769 6G 


WATER ALLOCATION 

Reservoir Storage Reallocation Analysis with 
PC. 

W90-09673 4A 


Efficient Management of Multiple Water 
Sources, Given a Range of Quality Levels and 
User Quality Requirements. 

'W90-09907 6A 


Variable-Time Model for Equitable Irrigation 
Water Distribution. 


W90-10162 3F 


Efficiency in Irrigation: The Conjunctive Use of 
Surface and Groundwater Resources. 
W90-10358 3F 


Efficient Use of Surface Water and Groundwat- 
er in Irrigation: An Overview of the Issues. 


W90-10359 3F 


Efficient Conjunctive Use of Surface and 
Groundwater in the People’s Victory Canal. 
W90-10365 3F 


All Is Not Wells in North China: Irrigation in 
Yucheng County. 


W90-10366 3F 


New Approaches to Using Mathematical Pro- 
gramming for Resource Allocation. 
W90-10368 3F 


WATER ANALYSIS 


Determination of Iodine in Oyster Tissue by 
Isotope Dilution Laser Resonance Ionization 
Mass Spectrometry. 

W90-09589 7B 


New Indicator and Test Paper for the Semi- 
Quantitative Determination of Carbaryl in 
Traces in Water. 

W90-09590 SA 


Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 

W90-09604 7B 


Chemiluminescence Sensor with Uranine Immo- 
bilized on an Anion-Exchange Resin for Moni- 
toring Free Chlorine in Tap Water. 

W90-09626 5F 





Flow-Injection Determination of Organic Con- 
taminanis in Water Using an Ultraviolet-Mediat- 
ed Titanium Dioxide Film Reactor. 

W90-09627 5A 


Efficacy of beta-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 

W90-09628 5A 


Automated Determination of Nitrate in Water. 
W90-09755 5A 


Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 

W90-09763 5A 


Development of a Definitive Method for Iodine 
Speciation in Aquatic Systems. 
W90-09773 2H 


Using Chemical Analyses and Assessing Quality 
in Aqueous Environmental Monitoring Pro- 
grams. 

W90-09871 5A 


Studies of UV-Spectroscopy of LAS in Relevant 
Environmental Matrices: Fundamentals and 
LAS-Determination under Relatively Problem- 
Free Conditions (Studien zur UV-Spektroskopie 
von LAS in _ relevanten Umwelt-Matrices: 
Grundlagen und LAS-Bestimmung unter relativ 
problemlosen Bedingungen). 

W90-10208 5A 


Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 

W90-10221 SA 


Identification of Samples of Oil Related to Two 
Spills. 
W90-10241 5A 


Quantitative Analysis of Volatile Organic Com- 
pounds in Landfill Leachates. 
W90-10272 SA 


Determination of Total Organic Halide in 
Water: A Comparative Study of Two Instru- 
ments. 

W90-10274 SA 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 1: Evaluation of 
Grab Sample Methodology for Part-Per-Quad- 
trillion Analysis. 

W90-10275 5A 


Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 2: Optimization 
of an XAD-2 Resin Column Methodology. 

W90-10276 5A 


High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 

W90-10301 2H 


WATER BIRDS 


Impacts of Acid Rain on Aquatic Birds. 
W90-09723 5C 


WATER CHEMISTRY 


Field and Labcratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. I. 
Some Physical and Chemical Characteristics. 

W90-09618 2H 


Effects of Aggressive Water on Dam Concrete. 
W90-09646 8F 


Hydrochemical Applications of the Analysis of 
Repeated Measurements. 
W90-09756 TA 


SUBJECT INDEX 


Chemical and Ecological Studies on Tilapia nilo- 
tica. 
W90-09760 5B 


Geochemical and Isotopic Study of Groundwat- 
er Flow Paths in a Volcanic Area under Semi- 
arid Climatic Conditions (Exemple d’Etude 
Geochimique et Isotopique de Circulations 
Aquiferes en Terrain Volcanique sous Climat 
Semi-aride). 

W90-09794 2F 


Chemical Modeling of Aqueous Systems II. 
W90-09846 


Chemical Modeling of Aqueous Systems. 
W90-09847 2K 


Activity Coefficients in Aqueous Salt Solutions: 
Hydration Theory Equations. 
W90-09848 2K 


Ion-Association Models and Mean Activity Co- 
efficients of Various Salts. 
W90-09849 2K 


Models for Aqueous Electrolyte Mixtures for 
Systems Extending from Dilute Solutions to 
Fused Salts. 

W90-09850 2K 


Modeling Solid-Solution Reactions in Low- 
Temperature Aqueous Systems. 
W90-09852 2K 


Effect of Pressure on Aqueous Equilibria. 
W90-09853 2K 


Current Status of the EQ3/6 Software Package 
for Geochemical Modeling. 
W90-09854 2K 


Geochemical Modeling of Water-Rock Interac- 
tions Using SOLMINEQ.88. 
W90-09855 2K 


Application of the Pitzer Equations to the 
PHREEQE Geochemical Model. 
W90-09856 2K 


Modeling Dynamic Hydrothermal Processes by 
Coupling Sulfur Isotope Distributions With 
Chemical Mass Transfer: Approach. 

W90-09863 2K 


Constant-Capacitance Surface Complexation 
Model: Adsorption in Silica-Iron Binary Oxide 
Suspensions. 


W90-09867 2K 


Influence of Temperature on Ion Adsorption by 
Hydrous Metal Oxides. 
W90-09868 2K 


Uncertainties in Ground Water Chemistry and 
Sampling Procedures. 
W90-09870 5A 


Numerical Modeling of Platinum Eh Measure- 
ments by Using Heterogeneous Electron-Trans- 
fer Kinetics. 

W90-09873 2K 


Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 

W90-09874 2K 


Energetics and Conservative Properties of 
Redox Systems. 
W90-09875 2K 


Rates of Inorganic Oxidation Reactions Involv- 
ing Dissolved Oxygen. 
W90-09876 2K 


Revised Chemical Equilibrium Data for Major 
Water-Mineral Reactions and Their Limitations. 
W90-09877 2K 


WATER CONSERVATION 


Solubilities of Aluminum Hydroxides and Oxy- 
hydroxides in Alkaline Solutions. 
W90-09878 2K 


Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


Effect of Ionic Interactions on the Oxidation 
Rates of Metals in Natural Waters. 
W90-09880 5B 


Quantitative Structure-Activity Relationship 
Models for Predicting Aqueous Solubility: Com- 
parison of Three Major Approaches. 

W90-09882 2K 


Copper Complexation by Natural Organic 
Matter in Ground Water. 
W90-09885 2K 


Kinetics of Rare Earth Metal Binding to Aquatic 
Humic Acids. 
W90-09886 5B 


Microscale Processes in Porous Media: Trans- 
port of Chlorinated Benzenes in Porous Aggre- 
gates. 

W90-09887 5B 


Isotopic Characterization of the Thermomineral 
Waters of the Franco-Italian Northern Alps 
(Caracterisation Isotopique des Eaux Thermo- 
minerales des Alpes du Nord Franco-Italiennes). 
W90-09952 2F 


Isotopic Geochemistry of the Engadine Mineral 
Springs of Scuol-Tarasp, Switzerland. 
W90-09966 2F 


Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 


Prediction of Mineral Solubilities in Natural 
Waters: A Chemical Equilibrium Model for the 
Na-K-Ca-Mg-Cl-SO4-H20 System at Tempera- 
tures below 25 Degrees. 

W90-10239 2K 


Penetration Model Parameter Estimation from 
Dynamic Permeability Measurements. 
W90-10246 2G 


Chemical Causes of Groundwater Movement. 
W90-10509 2K 


WATER CONSERVATION 
Managing Public Water Supplies During 
Droughts, Experiences in the United States in 
1986 and 1988. 
W90-09513 3D 


Empirical Model of the Relationship Between 
Irrigation and the Volume of Water Collected in 
Subsurface Drains. 

W90-09658 3F 


Rainwater Harvesting for the Management of 
Agricultural Droughts in the Foothills of North- 
ern India. 

W90-09659 3F 


Modified Contour Bunding System for Alfisols 
of the Semi-Arid Tropics. 
W90-09703 3F 


Impact of a Gel Conditioner and Water Quality 
upon Soil Infiltration. 
W90-09782 3F 


Changes in Soil Properties under Intermittent 
Water Application. 
W90-09783 3F 





WATER CONSERVATION 


Opportunities for Productive Use of Rainfall 
Normally Lost to Cropping for Temporal or 
Spatial Reasons. 

W90-09821 3F 


Possibilities for Modifying Crop and Soil Man- 
agement Practices to Maximize Production per 
Unit Rainfall. 

W90-09823 3F 


Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 

W90-10075 5G 


Impact of Water and Mineral Development 
Projects on a Rural Community and Its Educa- 
tion Programs. 

W90-10080 5G 


Technological Progress in Alaska Placer Mining 
Operations. 
W90-10082 5G 


Principles and Design of Furrow Irrigation Sys- 
tems. 
W90-10121 3F 


Soil Tilth: A Review of Past Perceptions and 
Future Needs. 
W90-10251 3F 


Tillage and Fertilizer Effects on Water Infiltra- 
tion. 
W90-10254 3F 


WATER CONVEYANCE 
Analyzing Water Main Replacement Policies. 
W90-09670 SF 


Water Supply. 
W90-10105 5D 


WATER COSTS 
Water Marketing and Rate Setting for Water for 


Energy in the Upper Colorado River Basin. 
W90-10090 6C 


Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 
W90-10369 3F 


WATER CURRENTS 
Seasonal and Interannual Variability of Current, 
Temperature and Salinity off Southwest Nova 
Scotia. 
W90-09638 2L 


Dispersion Relation for Waves on a Current 
Nonuniform in Depth. 
W90-10153 8B 


WATER DEFICIT 
Water Deficit Development in Old and New 
Soybean Cultivars. 
W90-09586 3F 


Principles of Crop Use, Dry Matter Production, 
and Dry Matter Partitioning that Govern 
Choices of Crops and Systems. 

W90-09816 3F 


WATER DEMAND 
Identifying Emerging Water Issues for Electric 
Utilities. 
W90-10070 6D 


Planning for Water Use and Development. 
W90-10073 6A 


Effect of Water Issues on Siting of Energy 
Projects, and the Reverse. 
W90-10074 6G 


Acquisition and Management 
Water Rights in the Arid West. 
W90-10091 6D 


of Industrial 


$U-100 


SUBJECT INDEX 


Challenge in Water Supply Planning: Achieving 
a Balance Between Industry Needs and Agricul- 
ture in Emery County, Utah. 

W90-10093 6D 


Mapping of Irrigation Need Based on Comput- 
erized Soil and Climatic Data. 
W90-10164 6D 


Irrigation System for Plots Under a Rain Shel- 
ter. 


W90-10165 3F 


Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 

W90-10362 3F 


WATER DISTRIBUTION 
Analyzing Water Main Replacement Policies. 
W90-09670 SF 


WATER HARVESTING 
Minimal Irrigation on Small Agricultural Water- 
sheds with Red Soils in Semi-Arid Tropics of 
Andhra Pradesh, India. 
W90-09657 3F 


Rainwater Harvesting for the Management of 
Agricultural Droughts in the Foothills of North- 
ern India. 

W90-09659 3F 


Optimization of Rainfed Tropical Cropping in 
Semi-Dry Areas: A Case Study. 
W90-09661 3F 


Dryland Farming Tillage and Water-Harvesting 
Guidelines for the Yemen Arab Republic. 
W90-09751 2G 


Opportunities for Productive Use of Rainfall 
Normally Lost to Cropping for Temporal or 
Spatial Reasons. 

W90-09821 3F 


Possibilities for Modifying Crop and Soil Man- 
agement Practices to Maximize Production per 
Unit Rainfall. 

W90-09823 3F 


WATER LEVEL 
Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 
W90-09896 2F 


Distribution of Wells in the Central Part of the 
Western San Joaquin Valley, California. 
W90-09904 7C 


Troubleshooting Ultrasonic Level Meters. 
W90-10220 7B 


Modelling Water Levels For a Lake in the Mac- 
Kenzie Delta. 
W90-10437 2H 


WATER LEVEL RECORDERS 
Troubleshooting Ultrasonic Level Meters. 
W90-10220 7B 


WATER LOSS 
Canopy Surface Conductance of Unstressed 
Wheat and Its Weather Dependence. 
W90-09754 2D 


Evaporative Enrichment of Deuterium and O-18 
in Arid Zone Irrigation. 
W90-09964 2F 


WATER MAINS 


Analyzing Water Main Replacement Policies. 
W90-09670 SF 


WATER MANAGEMENT 


Recent Developments for Improving Water 
Management in Surface and Overhead Irriga- 
tion. 

W90-09562 3F 


Drag Line Irrigation: Practical Experiences with 
Sugar Cane. 
W90-09563 3F 


Low Head Drip Irrigation System for Small- 
holdings. 
W90-09564 3F 


Reticulation of Ethanol Stillage through Irriga- 
tion Systems and Its Use for Fertilisation of 
Sugarcane in Zimbabwe. 

W90-09565 3C 


Plant Water Relations and Irrigation Manage- 
ment. 
W90-09566 3F 


Importance of Irrigation Regime, Dripline 
Placement and Row Spacing in the Drip Irriga- 
tion of Sugar Cane. 

W90-09567 3F 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Tolerance of Sugarcane to Water Stress During 
Its Main Development Phases. 
W90-09569 3F 


Irrigation Research, Development and Practice 
in Mauritius. 
W90-09570 3F 


Tropicalisation of Automatic Weather Stations 
and Initial Results for Improved Irrigation 
Water Management in Reunion Island. 

W90-09571 3F 


Experience with Approximately 600 Hectare of 
Drip Irrigation at Simunye Sugar Estate, Swazi- 
land. 

W90-09572 3F 


Soil Physics and Irrigation: Tapping the Poten- 
tial for Drip. 
W90-09573 3F 


Soil Water Status: A Concept for Characterising 
Soil Water Conditions Beneath a Drip Irrigated 
Row Crop. 

W90-09574 3F 


Control of Drip Irrigation of Sugarcane Using 
‘Index’ Tensiometers: Some Comparisons with 
Control by the Water Budget Method. 

W90-09575 3F 


Response of Selected Legume Companion Crops 
to Irrigation Frequencies. 
W90-09577 3F 


Economic and Social Perspectives on New Irri- 
gation Technology. 
W90-09579 3F 


Development of Management Strategies for 
Minimizing the Impact of Seasonal Rainfall Var- 
iation. 

W90-09822 3F 


Association of Aquatic Plants and Mosquito 
Production in Impoundments. 
W90-10012 4A 


Aquatic Plant Management in Florida. 
W90-10021 4A 


Water Marketing and Rate Setting for Water for 
Energy in the Upper Colorado River Basin. 
W90- 10090 6C 





Civil Engineering Practice. Volume 5: Water 
Resources/Environmental. 
W90-10104 5D 


Water Management Using Interactive Computer 
Simulation. 
W90-10106 7B 


Accounting for Environmental Quality in Water 
Resources 
W90-10110 6G 


Soil Tilth: A Review of Past Perceptions and 
Future Needs. 
W90-10251 3F 


Tillage Effects on the Spatial and Temporal 
Variations of Soil Water. 
W90-10252 3F 


Tillage and Fertilizer Effects on Water Infiltra- 
tion. 


W90-10254 3F 

Mathematical Models. 

W90-10393 5G 
WATER MARKETING 


Water Marketing and Rate Setting for Water for 
Energy in the Upper Colorado River Basin. 


W90-10090 6C 

Acquisition and Management of Industrial 

Water Rights in the Arid West. 

W90-10091 6D 
WATER POLICY 


Water Use in Saudi Arabia: Problems and Policy 
Implications. 


W90-09671 6D 
Water Use and Public Policy. 
W90-10109 6D 


Accounting for Environmental Quality in Water 
Resources Planning. 


W90-10110 6G 

Federal Farm Policy and Water Quality. 

W90-10225 6B 
WATER POLLUTION 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Water Pollution Mitigation in Two National 
Park Service Units Affected by Energy and 
Mining Activities. 


W90-10081 5G 
Trace Contaminants in Streams. 
W90-10130 5B 


WATER POLLUTION CONTROL 
Safety and Rehabilitation of Tailings Dams. 


W90-09645 8A 
Methods for Distinguishing Between Single and 
Multiple Discharger Situations. 

W90-09668 5B 
Environmental Support System for Estuarine 
Water-Quality Management. 

W90-09674 5G 


Conservation of British North Sea Estuaries. 
W90-09693 2L 


Management, Monitoring and Classification-An 
Overview. 
W90-09767 5G 


Impact of Utilization in River Basin Manage- 
ment. 
W90-09769 6G 





Practical River Basin Management Methods. 


W90-09770 6A 
Land Disposal of Hazardous Wastes. 

W90-09833 5E 
Hazardous-Waste Leachate Management. 
W90-09834 5E 
Control of Subsurface Migration. 

W90-09845 5G 
Summary of a 5-Year Monitoring Effort on Al- 
ternative Systems in Indiana. 

'W90-09925 5D 


Polychlorinated Biphenyls: Occurrence and 
Treatment in Municipal and Industrial Wastes 
(Jan 77 - Aug 89). 

'W90-10032 5D 


Anion Exchange Resins: Structure, Formulation, 
and Applications (Jan 77 - Jul 89). 


W90-10042 SF 
Acid Mind Drainage (Jan 77 - Jan 89). 
W90-10046 5B 
Leachate Treatment (Jan 77 - Apr 89). 
W90-10057 5D 
Leachate Treatment (Jan 72 - Apr 89). 
W90-10064 5D 
Ground Water Quality Protection, Mining, and 
Mining Facilities in Utah. 

W90-10094 5G 


Sand-Bentonite Liners: Field Control oe 
W90-10173 


Incidence of Environmental Degradation: a Case 
Study of Acid Mine Drainage. 
W90-10217 5C 


Federal Farm Policy and Water Quality. 
W90-10225 6B 


Planting Flexibility: Implications for Ground- 
water Protection. 
W90-10226 5G 


Coordinated Resource Management and Plan- 
ning: The Case of the Missouri Flat Creek Wa- 
tershed. 

W90-10227 5G 
Beyond Swampbuster: A Permanent Wetland 
Reserve. 

W90-10228 6E 


Cross Compliance and Water Quality Protec- 
tion. 


W90-10229 5G 
Clean Water, Clear Choices: An Action Agenda 
for American Agriculture. 

W90-10230 6E 


Nitrate Groundwater Standard for the 1990 
Farm Bill. 
W90-10231 5G 


Farmers’ Response to a Filter Strip Program: 
Results from a Contingent Valuation Survey. 
W90-10232 5G 


Control and Management of Agricultural 
Impact on Groundwater. 
W90-10395 5G 


Effectiveness of Hydraulic Methods for Control- 
ling Groundwater Contamination. 
W90-10521 5G 


WATER POLLUTION EFFECTS 


Effects of Diflubenzuron on Shell Formation of 
the Freshwater Clam, Anodonta cygnea. 
'W90-09593 5C 









WATER POLLUTION EFFECTS 





Acute and Chronic Toxicity of Ammonia to 
Marine Fish and a Mysid. 
W90-09594 5C 


Influence of Time of Application of an Insecti- 
cide on Recovery Patterns of a Zooplankton 
Community in Experimental Ponds. 

W90-09597 5C 


Plant Water Relations as Affected by Heavy 
Metal Stress: A Review. 


W90-09608 5C 
Nitrogen Fixation of Soybean and Alfalfa on 
Sewage Sludge-Amended Soils. 

W90-09610 5E 


Behavioural Thermoregulation of Largemouth 
Bass (Micropterus salmoides): Response of 
Naive Fish to the Thermal Gradient in a Nucle- 
ar Reactor Cooling Reservoir. 

W90-09623 5C 


Thermal Flooding Injury of Woody Swamp 
Seedlings. 
W90-09524 21 


Application of Tests at Population and Ecosys- 
tem Levels for the Estimation of Toxicity of 
Selected Non-Ionic Detergents. 

W90-09676 5C 


Investigation on Water Bugs (Heteroptera) in 
Strongly Polluted Lake Suskie (Northern 
Poland). 

'W90-09681 5C 


Heptachlor Induced Hematological and Bio- 
chemical Changes in the Indian Catfish (Heter- 
opneustes fossilis (Bloch.)). 

W90-09682 5C 


Phosphorus Budget of the Marsdiep Tidal Basin 
(Dutch Wadden Sea) in the Period 1950-1985: 
Importance of the Exchange with the North 
Sea. 

W90-09685 5c 


Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 


W90-09687 5C 
Impacts of Acid Rain on Aquatic Birds. 
W90-09723 SC 
Losses of Biota from American Aquatic Com- 
munities Due to Acid Rain. 

W90-09725 5C 


Influence of Chaoborus Density on the Effects 
of an Insecticide on Zooplankton Communities 
in Ponds. 

W90-09728 5C 


pH-Independent Effect of Aluminum on Cul- 
tures of Phytoplankton from an Acidic Wiscon- 
sin Lake. 

W90-09729 5C 


Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
ica en los sedimentos de esteros de la bahia de 
Cadiz). 

W90-09743 5C 


Effects of Tri-n-butylin Chloride (TBTC) on the 
Early Life Stages of Perch (Perca fluviatilis L.) 
in Brackish Water. 

W90-09765 5C 


Toxic Substances: Effects on Fish (Jan 78 - Jul 
89). 
W90-10041 5C 








WATER POLLUTION EFFECTS 


Dredging: Technology and Environmental As- 
pects (Jan 78 - Dec 88). 
W90-10044 8H 


Water Pollution Effects of Metals on Fresh 
Water Fish (Jan 70 - Dec 88). 
W90-10047 5C 


Heavy Metals in Drinking Water: Standards, 
Sources, and Effects (Jan 77 - Dec 88). 
W90-10049 5B 


Effects of the Power Plant Cooling Water on 
the Temperature and Oxygen Conditions of 
Lake Haapajarvi in Winter (Voimalan Jaahdy- 
tysvesien Vaikutus Haapajarven Lampotila-Ja 
Happioloihin Talvella). 

W90-10051 5C 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Evaluation of Intact Soil-Core Microcosms for 
Determining Potential Impacts on Nutrient Dy- 
namics by Genetically Engineered Microorga- 
nisms. 

W90-10134 sxc 


Humic Acids Reduce the Photo-Induced Toxici- 
ty of Anthracene to Fish and Daphnia. 
W90-10137 5B 


Survival of the Fattest. Implications for Acute 
Effects of Lipophilic Chemicals on Aquatic Pop- 
ulations. 

W90-10138 5C 


Toxicant-Induced Mortality in Models of Daph- 
nia Populations. 
W90-10139 sc 


Solubility and Toxicity of Eight Phthalate Esters 
to Four Aquatic Organisms. 
W90-10140 SC 


Multi-Steady-State Toxicant Fate and Effect in 
Laboratory Aquatic Ecosystems. 
W90-10141 5C 


Ecological Fate, Effects and Prospects for the 
Elimination of Environmental Polychlorinated 
Biphenyls (PCBs). 

W90-10143 SC 


Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 

W90-10144 sc 


One-Time-Dormant Season Application of Gas 
Well Brine on Forest Land. 
W90-10192 SE 


Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 


Effect of Fluoride on Axenic Cultures of Dia- 
toms. 
W90-10200 i 


Water, Nutrient and Pollutant Budgets in Dam- 
aged Norway Spruce Stands in NE-Bavaria 
(F.R.G.) and Their Changes after Different Fer- 
tilization Treatments. 

W90-10202 5C 


Physico-Chemical and Biological Properties of 
Effluent-affected Soil at Varanasi, India. 
W90-10215 sc 


Incidence of Environmental Degradation: a Case 


Study of Acid Mine Drainage. 
W90-10217 sc 


SU-102 


SUBJECT INDEX 


Long-Term Changes of the Annual Cycles of 
Meteorological, Hydrographic, Nutrient and 
Phytoplankton Time Series at Helgoland and at 
LV ELBE 1 in the German Bight. 

W90-10237 5C 


Effect of Acid Deposition on Cation Fluxes in 
Artificially Acidified Catchments in Western 
Norway. 

W90-10240 5C 


Concentration Toxicity to the Fish (Tanichthys 
albonubes) and to the Shrimp (Neocaridina den- 
ticulata), and Inference of Toxicants under 
Lethal Level of the Honmyo River in Nagasaki 
Prefecture. 

W90-10265 sc 


Relation Between the Toxicity of Some Toxi- 
cants to the Aquatic Animals (Tanichthys albon- 
ubes and Neocaridina denticulata) and the Hard- 
ness of the Test Solution. 

W90-10266 5C 


Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 5C 


Assessment of the Sensitivity of Alberta Surface 
Waters to Acidification. 
W90-10357 5B 


WATER POLLUTION PREVENTION 


Long-Term Studies of the Benthic Biology of 
Tees Bay and the Tees Estuary. 
W90-09688 5G 


Water Quality Management Options For a 
Coarse Alluvial Western Mountain Valley Aqui- 
fer Impacted by Septic System Wastes. 

W90-09943 5G 


Water Resources Related to Mining and 
Energy-Preparing for the Future. 
W90-10068 5G 


Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 

W90-10075 5G 


Protection of Water Resources from Oil and Gas 
Produced Water Disposal. 
W90-10077 5G 


Permitting a Gold Placer Mine Within the Cap- 
ital City of Montana, Processes and Problems. 
W90-10078 5G 


Surface and Ground Water Protection as Relat- 
ed to Public Minerals. 
W90-10079 5G 


Water Pollution Mitigation in Two National 
Park Service Units Affected by Energy and 
Mining Activities. 

W90-10081 5G 


Technological Progress in Alaska Placer Mining 
Operations. 
W90- 10082 5G 


Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 

W90- 10099 5G 


Uranium Mill Tailings Remedial Action Project: 
A Retrospection. 
W90-10103 5B 


Nitrogen Management and Nitrification Inhibi- 
tor Effects on Nitrogen-15 Urea: I. Yield and 
Fertilizer Use Efficiency. 

W90-10249 5G 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 5E 


WATER POLLUTION SOURCES 


Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in and Near Stillwater Wild- 
life Management Area, Churchill County, 
Nevada, 1886-87. 

W90-09530 5B 


Environmental Contaminant Concentrations in 
Biota from the Lower Savannah River, Georgia 
and South Carolina. 

W90-09599 5B 


Nitrogen Additions and Losses to Drainage in 
Orchard-Type Irrigated Lysimeters. 
W90-09601 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 

W90-09606 5B 


Hydrological Modeling of Acidified Canadian 
Watersheds. 


W90-09641 5B 


Methods for Distinguishing Between Single and 
Multiple Discharger Situations. 
W90-09668 5B 


Deposition of Chernobyl Caesium-137 in Heavy 
Rain and Its Persistent Uptake by Grazing 
Sheep. 

W90-09708 5B 


Wet, Occult and Dry Deposition of Pollutants 
on Forests. 
W90-09709 5B 


Release of Sedimentary Nitrogen and Phospho- 
rus in Polder Ditches of a Low-Moor Peat Area. 
W90-09733 2H 


Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 

W90-09741 5B 


Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
ica en los sedimentos de esteros de la bahia de 
Cadiz). 

W90-09743 5C 


Phosphorus and Nitrogen Load from Forest and 
Agricultural Areas in Finland. 
W90-09762 5B 


Impact of Utilization in River Basin Manage- 
ment. 
'W90-09769 6G 


Theoretical Study of the Wet Removal of At- 
mospheric Pollutants. Part IV: The Uptake and 
Redistribution of Aerosol Particles through Nu- 
cleation and Impaction Scavenging by Growing 
Cloud Drops and Ice Particles. 

W90-09801 2B 


Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-098 10 5B 


Hydrogeochemical Interactions and Evolution 
of Acidic Solutions in Soil. 
W90-09858 5B 





Geohydrology and Ground-Water Quality at the 
Pueblo Depot Activity Landfill Near Pueblo, 
Colorado. 

W90-09902 2F 


Pesticides in Soils and Ground Water in Select- 
ed Irrigated Agricultural Areas Near Havre, 
Ronan, and Huntley, Montana. 

W90-09906 5B 


Documentation of the Degree of Waste Treat- 
ment Provided by Septic Systems, Vadose Zone 
and Aquifer in Intermountain Soils Underlain by 
Sand and Gravel. 

W90-09918 5D 


Impact of Adverse Hydrological Events on Bac- 
terial Translocation in Coarse Soils Near On-Site 
Wastewater Treatment Systems. 

W90-09919 5B 


Ground Water Modeling with Uncertainty 
Analysis to Assess the Contamination Potential 
from Onsite Sewage Disposal Systems (OSDS) 
in Florida. 

W90-09937 5B 


Contribution of Selected Toxic Chemicals To 
Groundwater from Domestic On-Site Sewage 
Disposal Systems. 

W90-09938 5B 


Volatile Organic Compounds (VOCs) in Small 
Community Wastewater Disposal Systems Using 
Soil Absorption. 

W90-09939 5B 


Odor Pollution (Mar 77 - Nov 89). 
W90-10038 5G 


Dredging: Technology and Environmental As- 
pects (Jan 78 - Dec 88). 
W90-10044 8H 


Acid Mind Drainage (Jan 77 - Jan 89). 
W90- 10046 5B 


Heavy Metals in Drinking Water: Standards, 
Sources, and Effects (Jan 77 - Dec 88). 
W90-10049 5B 


PMK-Groundwater (PMK-Grundvatten). 
W90-10050 5B 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


Scavenging of Atmospheric Pollutants by 
Clouds and Precipitation by Means of a Vertical 
Wind Tunnel. Phase 1 (Auswaschen von Atmos- 
pharischen Spurenstoffen durch Wolken und 
Niederschlag mittels eines Vertikalen Windkan- 
als). 

W90-10062 2K 


Effect of Water Issues on Siting of Energy 
Projects, and the Reverse. 
W90-10074 6G 


Protection of Water Resources from Oil and Gas 
Produced Water Disposal. 
W90-10077 5G 


Tar Creek: Diversion Efforts Towards an Un- 
polluted Future. 
W90-10087 5G 


Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90-10088 5B 


Ground Water Quality Protection, Mining, and 
Mining Facilities in Utah. 
W90-10094 5G 


SUBJECT INDEX 


Uranium Mill Tailings Remedial Action Project: 
A Retrospection. f 
W90-10103 5B 


Modeling Organic Pollution of Streams. 
W90-10126 5B 


Trace Contaminants in Streams. 
W90-10130 5B 


Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 

W90-10144 5C 


River Transport of Phosphorus as Controlled by 
Large Scale Land Use Changes. 
W90-10159 4C 


Laboratory Study of the Efficiency with Which 
Aerosol Particles Are Scavenged by Snow 
Flakes. 

W90-10166 2C 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: I. Review of the Major 
Elements. 

W90-10184 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: II. Review of the Minor 
Elements. 

W90-10185 5B 


Soil Nitrate Accumulations Following Nitrogen- 
Fertilized Corn in Pennsylvania. 
W90-10187 5B 


Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 

W90-10193 5B 


Investigation of an Aluminum Hydroxide In- 
crustation in a Rural Water Supply (Aluminium- 
hydroxid-Ablagerung in einer Wasserleitung). 

W90-10205 5B 


Patterns of Cyclic Organochlorine Contamina- 
tion in Livers of Male Pleuronectiformes from 
the North Sea, Winter 1987. 

W90-10243 5B 


Effect of Pollution Sources on Metal Concentra- 
tion in Sediment Cores from the Gulf of Aqaba 
(Red Sea). 

W90-10244 5B 


Nitrogen Management and Nitrification Inhibi- 
tor Effects on Nitrogen-15 Urea: I. Yield and 
Fertilizer Use Efficiency. 

W90-10249 5G 


Nitrogen Management and Nitrification Inhibi- 
tor Effects on Nitrogen-15 Urea: II. Nitrogen 
Leaching and Balance. 

W90-10250 5G 


Nitrogen-Fertilization Rate and Soil Nitrate Dis- 
tribution for Microirrigated Sugarcane. 
W90-10255 5B 


Ammonia Volatilization from Urea as Influ- 
enced by Soil Temperature, Soil Water Content, 
and Nitrification and Hydrolysis Inhibitors. 

W90-10256 5B 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


Petroleum Residues in the Waters of the Gulf of 
St. Lawrence. 
W90-10291 5B 


WATER POLLUTION SOURCES 


Survival of Genetically Engineered Escherichia 
coli in Natural Soil and River Water. 
W90-10296 5B 


Coliforms as a Measure of Sewage Contamina- 
tion of the River Zambezi. 
W90-10297 5B 


Drought: Consequences on Natural Surround- 
ings, Health, and the Environment (La Secher- 
esse: Consequences sur le Milieu, Salubrite, En- 
vironnement). 

W90-10328 2E 


FLUPOL: A Model to Forecast Flow Rates and 
Flows of Pollutants in Water Drainage Net- 
works during Rain--Calibration and Validation 
(FLUPOL: Modele de Prevision des Debits et 
des Flux Polluants en Reseaux d’Assainissement 
par Temps de Pluie, Calage et validation). 

W90-10330 5B 


Sulphur and Nitrogen in the Atmosphere. 
W90-10350 5B 


Air Quality of an Area Proximal to Anthropo- 
genic Emissions. 
W90-10352 5B 


Wet and Dry Deposition of Air Pollutants in 
Alberta. 


W90-10353 5B 


Anthropogenic Sources of Acidic and Acidify- 
ing Air Pollutants in Alberta. 
W90-10354 5B 


Model Estimates of Provincial Scale Atmos- 
pheric Sulphur Dioxide (SO2) and Oxides of 
Nitrogen (NOx) in Alberta. 

W90-10355 5B 


Assessment of the Sensitivity of Alberta Surface 
Waters to Acidification. 
W90-10357 5B 


Impact of Agricultural Activities on Ground 
Water. 
W90-10388 5B 


Impact of Fertilizers and Pesticides on Ground- 
water Quality. 
W90-10391 5B 


Influence of Irrigation and Drainage. 
W90-10392 2F 


Groundwater Quality Monitoring Under Differ- 
ent Agricultural Conditions. 
W90-10394 5B 


Control and Management of Agricultural 
Impact on Groundwater. 
W90-10395 5G 


Consequences of Irrigated Agriculture in Arid 
and Semiarid Areas on Groundwater. 
W90-10396 3F 


Prediction of Variations in Ground-Water Qual- 
ity under the Influence of Pen Sewage Irriga- 
tion. 

W90-10400 5B 


Primary Production, Chlorophyll, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 5B 


Root Zone’s Water-Nitrogen Household Model- 


ling for Operational Purposes in Hungary. 
W90-10514 2G 


$U-103 





WATER POLLUTION TREATMENT 


WATER POLLUTION TREATMENT 
Soil Clean Up by in-situ Surfactant Flushing: III. 
Laboratory Results. 
W90-09675 5G 


Water Quality Management Options For a 
Coarse Alluvial Western Mountain Valley Aqui- 
fer Impacted by Septic System Wastes. 

W90-09943 5G 


Water Resources Related to Mining and 
Energy-Preparing for the Future. 
W90-10068 5G 


Tar Creek: Diversion Efforts Towards an Un- 
polluted Future. 
W90-10087 5G 


Biohydrometallurgical Approach to Selenium 
Removal. 
W90-10096 5D 


Ground Water Monitoring and Remediation at a 
Tailings Impoundment in Northwest Montana. 
W90-10102 5G 


Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 
W90-10194 5G 


Treatment of Chlordane-Contaminated Water 
by the Activated Rotating Biological Contactor. 
W90-10198 5F 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Vaporizing VOCs. 
W90-10213 5G 


Groundwater Contamination. 
W90-10501 5B 


Aquifer Contamination and Restoration at the 
Gloucester Landfill, Ontario, Canada. 
W90-10522 5B 


Enhanced Microbial Degradation of Styrene in 
Shallow Soils and Ground Water. 
W90-10523 5G 


WATER PRESSURE 
Effect of Pressure on Aqueous Equilibria. 
W90-09853 2K 


WATER QUALITY 
Water-Resources Appraisal of the Lake Tra- 
verse Indian Reservation in South Dakota. 
W90-09526 2F 


Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in the Salton Sea Area, Cali- 
fornia, 1986-87. 

W90-09529 5B 


Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in and Near Stillwater Wild- 
life Management Area, Churchill County, 
Nevada, 1886-87. 

W90-09530 5B 


Water Resources Data, Arizona, Water Year 
1988. 
W90-09531 7C 


Water Resources Data, Washington, Water Year 
1988. 
W90-09532 7C 


Geohydrologic Data for Selected Springs in 
Eastern Nevada Through 1982, with Emphasis 
on White Pine County. 

W90-09534 2F 


SU-104 


Selected Ground-Water Quality Data for the 
Southern Part of the Fort Hal! Indian Reserva- 
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Time-Space Variation of the Chemical and 
Physical Composition in the System of Mouth of 
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Estero de Mantagua, Chile). 
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Studies on the Earthy-Musty Odours in Natural 
Water: IV. Mechanism of Earthy-Musty Odour 
Production of Actinomycetes. 
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ings, Health, and the Environment (La Secher- 
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vironnement). 

W90-10328 2E 


Water Quality-Discharge Relationships in the 
Yukon River Basin, Canada. 
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WATER QUALITY CONTROL 
Improvement of Lake Water Quality by Paying 
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ment. 
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Water Requirement for Corn Root Expansion 
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WATER RESOURCE MANAGEMENT 
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ment Areas. 
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Acquisition and Management of Industrial 
Water Rights in the Arid West. 
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Challenge in Water Supply Planning: Achieving 
a Balance Between Industry Needs and Agricul- 
ture in Emery County, Utah. 
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Predicting the Influences of Post-Mining Condi- 
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verse Indian Reservation in South Dakota. 
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Geohydrologic Data for Selected Springs in 
Eastern Nevada Through 1982, with Emphasis 
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Cost Effectiveness of the Stream-Gaging Pro- 
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W90-09542 TA 


Ground-Water Resourccs of the Upper White 
River Basin in Arkansas. 
W90-09890 2F 


SUBJECT INDEX 


Distribution of Wells in the Central Part of the 
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in Mauritius. 
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Comparative Study of the Financial and Eco- 
nomic Viability of Drip and Overhead Irrigation 
of Sugarcane in Mauritius. 

W90-09582 3F 


Problems of Running an Efficient Irrigation 
System on a Small Holder Project. 
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Assessment of Drip Irrigation of Sugar Cane on 
Poorly Structured Soils in Swaziland. 
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Compliance with Instream Flow Agreements in 
Colorado, Montana, and Wyoming. 
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Multistage Screening Process for River Basin 
Planning. 
W90-09667 6A 


Water Use in Saudi Arabia: Problems and Policy 
Implications. 
W90-09671 6D 


Simulated Effects of Future Withdrawals on 
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Aquifers of New Jersey. 

W90-09896 2F 
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Water Resources Related to Mining and 
Energy-Preparing for the Future. 
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Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 
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Planning for Water Use and Development. 
W90-10073 6A 


Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
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Forecasting the Effects on River Ice Due to the 
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lands Water Resources Research Center). 
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WATER RESOURCES MANAGEMENT 


Compliance with Instream Flow Agreements in 
Colorado, Montana, and Wyoming. 
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Water Use in Saudi Arabia: Problems and Policy 
Implications. 
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Management, Monitoring and Classification--An 
Overview. 
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Impact of Utilization in River Basin Manage- 
ment. 
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Practical River Basin Management Methods. 
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Developments in and Tasks for Decision Making 
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Water Resources Related to Mining and 
Energy-Preparing for the Future. 
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Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 
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Water Use and Public Policy. 
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Reclaimed Wastewater Storage in Ground- 
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Efficient Management of Multiple Water 
Sources, Given a Range of Quality Levels and 
User Quality Requirements. 
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WATER RIGHTS 
Compliance with Instream Flow Agreements in 
Colorado, Montana, and Wyoming. 
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Projects, and the Reverse. 
W90-10074 6G 
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WATER SUPPLY 
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WATER TEMPERATURE 
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Growth Characteristics of Plagioselmis sp. 
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ed Titanium Dioxide Film Reactor. 

W90-09627 5 


Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
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Effects of Ozone, Chlorine Dioxide, Chlorine, 
and Monochloramine on Cryptosporidium 
parvum Oocyst Viability. 

W90-09634 5F 
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Content and Fractionation of Heavy Metals in 
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Investigation of an Aluminum Hydroxide In- 
crustation in a Rurai Water Supply (Aluminium- 
hydroxid-Ablagerung in einer Wasserleitung). 
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Influence of Temperature on the Efficiency of 
Biological Activated Carbon Filters (Influence 
de la Temperature sur le Rendement des Filtres 
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Studies on the Earthy-Musty Odours in Natural 
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Production of Actinomycetes. 
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Small Water Treatment Systems in the 1990s. 
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Content and Fractionation of Heavy Metals in 
Water Treatment Sludges. 
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Impact of Utilization in River Basin Manage- 
ment. 
W90-09769 6G 
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Control of Drip Irrigation of Sugarcane Using 
‘Index’ Tensiometers: Some Comparisons with 
Control by the Water Budget Method. 

W90-09575 3F 


Resource Use in Intercropping Systems. 
W90-09576 3F 
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Water Use and Public Policy. 
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WATER YIELD IMPROVEMENT 


Watershed Test of Snow Fence to Increase 
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WATERSHED MANAGEMENT 


Improvement of Lake Water Quality by Paying 
Farmers to Abate Nonpoint Source Pollution. 
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Multistage Screening Process for River Basin 
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Overview. 
W90-09767 5G 


Mathematical Models within River Basin Man- 
agement--An Overview. 
W90-09768 6A 
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Effect of Acid Deposition on Cation Fluxes in 
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WEATHER FORECASTING 
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for Predicting Crop-available Water (Uncertain- 
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on Forests. 
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U.S. Army Corps of Engineers, Wilmington Dis- 
trict Aquatic Weed Control Programs. 
W90-10017 4A 


Evolution of a Mosquito Control Program on a 
Large Inland Impoundment. 
W90-10018 4A 


ARMY ENGINEER WATERWAYS 
EXPERIMENT STATION, VICKSBURG, MS. 
Biological Control of Aquatic Plants with Plant 
Pathogens. 
W90-10024 4A 


ARMY ENGINEER WATERWAYS 
EXPERIMENT STATION, VICKSBURG, MS. 
ENVIRONMENTAL LAB. 
Water Quality Modeling of Regulated Streams. 
'W90-10000 4A 


Instream Habitat Modeling Techniques. 
W90-10009 2H 


ASSIUT UNIV., ASWAN (EGYPT). FACULTY 
OF SCIENCE. 
Chemical and Ecological Studies on Tilapia nilo- 
tica. 
W90-09760 5B 


ASSIUT UNIV. (EGYPT). DEPT. OF BOTANY. 
Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. I. 
Some Physical and Chemical Characteristics. 
W90-09618 


Field and Laboratory Studies on Nile Phyto- 
plankton in Egypt IV. Phytoplankton of Aswan 
High Dam Lake (Lake Nassar). 

W90-09700 2H 


Field and Laboratory Studies on Some Photo- 
synthetic Bacteria in Aswan High Dam Lake. II. 
Isolation and Identification of Purple Non-sulfur 
Bacteria (Rhodospirillaceae). 

W90-09701 2H 





ASTON UNIV., BIRMINGHAM (ENGLAND). 
DEPT. OF CIVIL ENGINEERING. 
Water Redistribution in Partially Frozen Soil by 
Thermal Neutron Radiography. 
W90-10446 2G 


ATOMIC ENERGY CONTROL BOARD, 
OTTAWA (ONTARIO). 
Regulatory Perspectives of Concept Assessment. 
W90-10409 SE 


ATOMIC ENERGY OF CANADA LTD., 
PINAWA (MANITOBA). WHITESHELL 
NUCLEAR RESEARCH ESTABLISHMENT. 
Overview of Groundwater Flow and Radionu- 
clide Transport Modeling in the Canadian Nu- 
clear Fuel Waste Management Program. 
W90- 10406 5E 


Sensitivity of Whiteshell Geosphere Modeling 
Results to Dimensionality (2-D/3-D) of the 
Computer Simulations Employed. 
W90-10413 SE 
AUCKLAND UNIV. (NEW ZEALAND). DEPT. 
OF CIVIL ENGINEERING. 
Leigh Laboratory Evapo-Transpiration System. 
W90-09923 5D 


AUSTRALIAN ATOMIC ENERGY 
COMMISSION, SUTHERLAND. LUCAS 
HEIGHTS RESEARCH LABS. 
Use of Radioisotope Tracers to Identify the Lo- 
cation of Seepage Areas in a Dam. 
'90-09986 8A 


AUSTRALIAN NATIONAL UNIV., 
CANBERRA, CENTRE FOR RESOURCE AND 
ENVIRONMENTAL STUDIES. 
Point Rainfall Model Based on a Three-State 
Continuous Markov Occurrence Process. 
W90-09797 2B 


AYRES ASSOCIATES, MADISON, WI. 
Hydraulic Loading Rates For Soil Absorption 
Systems Based on Wastewater Quality. 
W90-09934 5D 


BAIRD (W.F.) AND ASSOCIATES, OTTAWA 
(ONTARIO). 
Device for Measuring Forces in a Rubble- 
mound Breakwater. 
W90-10235 8B 


BAKER (F.G.) ASSOCIATES, GOLDEN, CO. 
Reconstruction of Reaction Pathways in a Rock- 
Fluid System Using MINTEQ. 

W90-09857 5B 


BAKER/TSA, INC., BEAVER, PA. 
Hazardous-Waste Leachate Management. 
W90-09834 SE 


BANARAS HINDU UNIV., VARANASI 
(INDIA). CENTRE FOR ADVANCED STUDY 
IN BOTANY. 
Physico-Chemical and Biological Properties of 
Effluent-affected Soil at Varanasi, India. 
Ww90-10215 5C 


BANARAS HINDU UNIV., VARANASI 
(INDIA). DEPT. OF MATHEMATICS. 
One-Dimensional Dispersion in Unsteady Flow 
in an Adsorbing Porous Medium: An Analytical 
Solution. 
W90-09781 5B 


BARCELONA UNIV. (SPAIN). DEPT. DE 
FISIOLOGIA VEGETAL. 
Plant Water Relations as Affected by Heavy 
Metal Stress: A Review. 
W90-09608 5C 


BASILICATA UNIV., POTENZA (ITALY). IST. 
DI CHIMICA AGRARIA E FORESTALE. 
Limited Downward Migration of Pollutant 
Metals (Cu, Zn, Ni, and Pb) in Acidic Virgin 
Peat Soils Near a Smelter. 
W90-10203 5B 
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BERGEN UNIV. (NORWAY). DEPT. OF MICROBIOLOGY AND PLANT PHYSIOLOGY. 


BASRAH UNIV. (IRAQ). DEPT. OF CIVIL 
ENGINEERING. 
Linear and Nonlinear Solution of the Boussinesq 
Equation for the Bi-Level Drainage Problem. 
W90-09656 4B 


BATTELLE MEMORIAL INST., COLUMBUS, 
OH. 
Effect of Pressure on Aqueous Equilibria. 
W90-09853 


BATTELLE MEMORIAL INST., 
WILLOWBROOK, IL. OFFICE OF WASTE 
TECHNOLOGY DEVELOPMENT. 
Role of Geostatistical, Sensitivity, and Uncer- 
tainty Analysis in Performance Assessment. 
W90-10408 


BATTELLE-NORTHWEST, RICHLAND, WA. 
Unified Wet Deposition Data Summaries for 
North America: Data Summary Procedures and 
Results for 1980-1986. 

W90-10212 TA 


BATTELLE PACIFIC NORTHWEST LABS., 
RICHLAND, WA. 
Rates of Inorganic Oxidation Reactions Involv- 
ing Dissolved Oxygen. 
09876 2K 


Evaluation of Intact Soil-Core Microcosms for 
Determining Potential Impacts on Nutrient Dy- 
namics by Genetically Engineered Microorga- 
nisms. 

W90-10134 5C 


BATTELLE PACIFIC NORTHWEST LABS., 
RICHLAND, WA. ENVIRONMENTAL 
SCIENCES DEPT. 
Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: I. Review of the Major 
Elements. 
W90-10184 5B 


Geochemical Factors Controlling the Mobiliza- 
tion of Inorganic Constituents from Fossil Fuel 
Combustion Residues: II. Review of the Minor 
Elements. 

W90-10185 5B 


BATTELLE PACIFIC NORTHWEST LABS., 

RICHLAND, WA. GEOSCIENCES DEPT. 
Survey of Columbia River Basin Streams for 
Columbia Pebblesnail and Shortface Lanx. 
W90-09615 2H 


BAYFIELD INST., BURLINGTON (ONTARIO). 
Kinetics of Chloroguaiacols and Other Chlorin- 
ated Phenolic Derivatives in Rainbow Trout 
(Salmo Gairdneri). 

W90-10142 5B 


BAYREUTH UNIV. (GERMANY, F.R.). INST. 
OF SOIL SCIENCE. 
Water, Nutrient and Pollutant Budgets in Dam- 
aged Norway Spruce Stands in NE-Bavaria 
(F.R.G.) and Their Changes after Different Fer- 
tilization Treatments. 
W90-10202 5C 


BAYREUTH UNIV. (GERMANY, F.R.). 
LEHRSTUHL FUER HYDROLOGIE. 
Behaviour of Aluminum Species During Snow- 
melt, Both Downstream and after Mixing with 
Nonacidic Waters. 
W90-09761 2K 


BAYREUTH UNIV. (GERMANY, F.R.). 
LEHRSTUHL FUER PFLANZENOEKOLOGIE. 
Adaptation Mechanisms of Noncultivated Arid- 


Zone Plants: Useful Lessons for Agriculture. 
W90-09824 3F 


BCS RICHLAND, INC., WA. 
Use of Bayesian Analysis for Incorporating Sub- 
jective Information. 
W90-10432 7C 


BECHTEL ENVIRONMENTAL, INC., SAN 
FRANCISCO, CA. 
Mathematical Modeling of Cloud Chemistry in 
the Los Angeles Basin. 
W90-10170 5B 


BEDFORD INST. OF OCEANOGRAPHY, 
DARTMOUTH (NOVA SCOTIA). DEPT. OF 
FISHERIES AND OCEANS. 
Seasonal and Interannual Variability of Current, 
Temperature and Salinity off Southwest Nova 
Scotia. 
W90-09638 2L 


BEDFORD INST. OF OCEANOGRAPHY, 
DARTMOUTH (NOVA SCOTIA). MARINE 
CHEMISTRY DIV. 

Distribution and Transport of Suspended Partic- 

ulate Matter. 

W90-10284 2J 


Nutrients. 
W90-10285 2L 


Organic Matter in the Gulf of St. Lawrence. 
W90- 10286 2L 


Stable Isotope Studies in the Gulf of St. Law- 
rence. 
W90-10287 2J 


Trace Metals in the Water Column. 
W90-10288 2K 


Trace Metal Geochemistry of Gulf of St. Law- 
rence Sediments. 
W90-10289 2K 


Pollution History and Paleoclimate Signals in 
Sediments of the Saguenay Fjord. 
W90-10290 5B 


Petroleum Residues in the Waters of the Gulf of 
St. Lawrence. 
W90-10291 5B 


Chemical Oceanography in the Gulf: Present 
and Future. 
W90-10292 2L 


BEN-GURION UNIV. OF THE NEGEV, SDE 
BOKER (ISRAEL). JACOB BLAUSTEIN INST. 
FOR DESERT RESEARCH. 
Oxygen-18 and Deuterium Distribution in Rain- 
fall, Runoff and Groundwater in a Small Semi- 
Arid Basin: The Aravaipa Valley in the Sonora 
Desert, Arizona. 
W90-09965 2A 


Upper Air Trough Axis Orientation and the 
Spatial Distribution of Rainfall over Israel. 
W90-10293 2B 


BERGAKADEMIE FREIBERG (GERMAN 
D.R.). 
Silicon-32 in Different Aquifer Types and Impli- 
cations for Groundwater Dating. 
W90-09959 2F 


BERGEN UNIV. (NORWAY). DEPT. OF 
CHEMISTRY. 
Identification of Samples of Oil Related to Two 
Spills. 
W90-10241 5A 


BERGEN UNIV. (NORWAY). DEPT. OF 
MICROBIOLOGY AND PLANT 
PHYSIOLOGY. 

Viruses as Partners in Spring Bloom Microbial 

Trophodynamics. 

W90-09632 2H 
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BERN UNIV. (SWITZERLAND). PHYSIKALISCHES INST. 


BERN UNIV. (SWITZERLAND). 
PHYSIKALISCHES INST. 
Isotopic Geochemistry of the Engadine Mineral 
Springs of Scuol-Tarasp, Switzerland. 
W90-09966 2F 


Environmental Isotope Study of the Deep 
Groundwaters in Northern Switzerland. 


W90-09977 2F 


BHABHA ATOMIC RESEARCH CENTRE, 
BOMBAY (INDIA), ISOTOPE DIV. 
Isotopic Studies on Sea Water Intrusion and 
Interrelations between Water Bodies: Some 
Field Examples. 
W90-09974 2F 


BIOLOGICAL FACULTY, MOSCOW 
UNIVERSITY, MOSCOW, USSR. 
Interrelationships of Races of Lake Sevan Trout, 
Salmo ischchan, Before and After Regulation of 
the Discharge of the Lake (as Indicated by Mor- 
phometric Characters). 
W90-10299 8I 


BIOLOGISCHE BUNDESANSTALT FUER 
LAND- UND FORSTWIRTSCHAFT, BERLIN 
(GERMANY, F.R.). ABT. FUER 
OEKOLOGISCHE CHEMIE. 
Bleidner Vapour Phase Extraction Technique 
for the Determination of Organochlorine Com- 
pounds in Lake Sediments. 
W90-09774 7B 


BLACK AND VEATCH, KANSAS CITY, MO. 
Tar Creek: Diversion Efforts Towards an Un- 
polluted Future. 

W90-10087 5G 


BONN UNIV. (GERMANY, F.R.). HYGIENE 
INST. 
Investigation of an Aluminum Hydroxide In- 
crustation in a Rural Water Supply (Aluminium- 
hydroxid-Ablagerung in einer Wasserleitung). 
W90- 10205 5B 


BOWLING GREEN STATE UNIV., OH. DEPT. 
OF BIOLOGY. 
pH-Independent Effect of Aluminum on Cul- 
tures of Phytoplankton from an Acidic Wiscon- 
sin Lake. 
W90-09729 5C 


BRIGHAM YOUNG UNIV., PROVO, UT. 
DEPT. OF ZOOLOGY AND ENTOMOLOGY. 
Applying a Snowmelt-Runoff Model Which Uti- 
lizes Landsat Data in Utah’s Wasatch Moun- 
tains. 
W90-10493 7B 


BRISTOL UNIV. (ENGLAND). DEPT. OF 
GEOGRAPHY. 
Review of the Bases of Geomorphological Mod- 
elling. 
W90-10335 2J 


BRITISH COLUMBIA UNIV., VANCOUVER. 
Some Uncertainties About Uncertainty. 
W90-10416 SE 


BRITISH COLUMBIA UNIV., VANCOUVER. 

DEPT. OF GEOLOGICAL SCIENCES. 
Application of Stochastic Methods for the Simu- 
lation of Solute Transport in Discrete and Con- 
tinuum Models of Fractured Rock Systems. 
W90-10425 2F 


BRITISH GEOLOGICAL SURVEY, 

WALLINGFORD (ENGLAND). 

HYDROGEOLOGY RESEARCH GROUP. 
Sources of Recharge to the Basal Nubian Sand- 
stone Aquifer, Butana Region, Sudan. 
W90-09962 2F 


OrR-4 


BROCK UNIV., ST. CATHARINES 

(ONTARIO). DEPT. OF CHEMISTRY. 
Development of an Automated High-Perform- 
ance Liquid Chromatographic Method for the 
On-Line Pre-Concentration and Determination 
of Trace Concentrations of Pesticides in Drink- 
ing Water. 
W90-09663 SA 


BROOKHAVEN NATIONAL LAB., UPTON, 
NY. DEPT. OF APPLIED SCIENCE. 
Inactivation of Human and Simian Rotaviruses 
by Chlorine Dioxide. 
W90-09631 5F 


BROWN AND CALDWELL, SEATTLE, WA. 
Brick Sewer Life Extended. 
W90-10218 5D 


BUNDESANSTALT FUER 
GEOWISSENSCHAFTEN UND ROHSTOFFE, 
HANOVER (GERMANY, F.R.). 

Transport of Dissolved Substances in Fissured 

Granite. 

W90-10424 2F 


BUNDESANSTALT FUER 
GEWAESSERKUNDE, KOBLENZ (GERMANY, 
F.R.). 
Studies of UV-Spectroscopy of LAS in Relevant 
Environmental Matrices: Fundamentals and 
LAS-Determination under Relatively Problem- 
Free Conditions (Studien zur UV-Spektroskopie 
von LAS in _ relevanten Umwelt-Matrices: 
Grundlagen und LAS-Bestimmung unter relativ 
problemlosen Bedingungen). 
W90-10208 5A 


BUNDESVERSUCHS- UND 
FORSCHUNGSANSTALT ARSENAL, VIENNA 
(AUSTRIA). 
Investigation of Sediment Transport in the Aus- 
trian Part of the Danube Using Environmental 
Isotopes. 
W90-09989 2J 


BURDWAN UNIV. (INDIA). DEPT. OF 
BOTANY. 
Evaluation of Some Common Aquatic Macro- 
phytes Cultivated in Enriched Water as Possible 
Source of Protein and Biogas. 
W90-09738 5D 


BUREAU DE RECHERCHES GEOLOGIQUES 
ET MINIERES, ORLEANS (FRANCE). 
Three-Dimensional Geometric Modelling of a 
Fracture Network. 
W90-10422 7C 


BUREAU OF LAND MANAGEMENT, 
ANCHORAGE, AK. ALASKA STATE OFFICE. 
Placer Mining and Surface Disturbance on 
Public Lands in Alaska: Technical Aspects of 
Mitigation and Reclamation. 
W90-10099 5G 


BUREAU OF LAND MANAGEMENT, 
DENVER, CO. COLORADO STATE OFFICE. 
Protection of Water Resources from Oil and Gas 
Produced Water Disposal. 
W90-10077 5G 


BUREAU OF LAND MANAGEMENT, 
FAIRBANKS, AK. ARCTIC DISTRICT. 
Arctic Water Availability: Data Bases to Meet 
Present and Future Needs. 
W90-10071 7C 


BUREAU OF LAND MANAGEMENT, 
LAKEWOOD, CO. COLORADO STATE 
OFFICE. 
Planning for Water Use and Development. 
W90-10073 


BUREAU OF LAND MANAGEMENT, SALT 
LAKE CITY, UT. UTAH STATE OFFICE. 
Influence of Endangered Fish Protection on 
Water Development Projects in the Upper Colo- 
rado River System. 
W90-10076 6D 


Federal Reserved Water Rights for Designated 
Wilderness Areas and Other Specific Manage- 
ment Areas. 

W90-10089 6E 


BUREAU OF LAND MANAGEMENT, 
WASHINGTON, DC, DIV. OF MINERALS 
ENVIRONMENTAL ASSESSMENT. 

Surface and Ground Water Protection as Relat- 

ed to Public Minerals. 

W90-10079 5G 


BUREAU OF LAND MANAGEMENT, 
WASHINGTON, DC. DIV. OF PLANNING 
AND ENVIRONMENTAL COORDINATION. 
Effect of Water Issues on Siting of Energy 
Projects, and the Reverse. 
W90-10074 6G 


BUREAU OF LAND MANAGEMENT, 
WORLAND, WY. 
Areas of Critical Environmental Concern: A 
Management Option for Sensitive Groundwater 
Recharge Zones. 
W90-10075 5G 


BUREAU OF MINES, SALT LAKE CITY, UT. 
SALT LAKE CITY RESEARCH CENTER. 
Biohydrometallurgical Approach to Selenium 
Removal. 
W90-10096 5D 


BUREAU OF RECLAMATION, AUBURN, CA. 
Physical Response of Winter Orographic Clouds 
over the Sierra Nevada to Airborne Seeding 
Using Dry Ice or Silver Iodide. 

W90-09786 3B 


BUREAU OF RECLAMATION, DENVER, CO. 

ENGINEERING AND RESEARCH CENTER. 
Sediment Transport and Unit Stream Power. 
W90-10112 2J 


CAEN UNIV. (FRANCE). LAB. DE 
PARASITOLOGIE. 
Parasitic Hazard with Sewage Sludge Applied 
to Land. 
W90-09633 5E 


CALCUTTA UNIV. (INDIA). DEPT. OF 
BIOCHEMISTRY. 
Bioaccumulation of Nickel and Vanadium in 
Tissues of the Catfish Clarias batrachus. 
W90-09665 5B 


CALGARY UNIV. (ALBERTA). DEPT. OF 
GEOLOGY AND GEOPHYSICS. 
Prediction of Mineral Solubilities in Natural 
Waters: A Chemical Equilibrium Model for the 
Na-K-Ca-Mg-Cl-SO4-H20 System at Tempera- 
tures below 25 Degrees. 
W90-10239 2K 


CALGARY UNIV. (ALBERTA). KANANASKIS 
CENTRE FOR ENVIRONMENTAL 
RESEARCH. 
Sulphur and Nitrogen in the Atmosphere. 
W90-10350 5B 


Characteristics of the Background Air Quality. 
W90-10351 5B 


Air Quality of an Area Proximal to Anthropo- 
genic Emissions. 
W90-10352 5B 





Wet and Dry Deposition of Air Pollutants in 
Alberta. 
W90-10353 5B 


CALIFORNIA INST. OF TECH., PASADENA. 
W.M. KECK LAB. OF ENVIRONMENTAL 
ENGINEERING SCIENCE. 
Coagulation of Iron Oxide Particles in the Pres- 
ence of Organic Materials: Application of Sur- 
face Chemical Model. 
W90-09869 2K 


Energetics and Conservative Properties of 
Redox Systems. 
W90-09875 2K 


Fogwater Chemistry at Riverside, California. 
W90-10324 5B 


CALIFORNIA STATE DEPT. OF WATER 
RESOURCES, LOS ANGELES. 
Responses to Some of the Adverse External 
Effects of Groundwater Withdrawals in Califor- 
nia. 
W90-10362 3F 


CALIFORNIA STATE UNIV., FRESNO. 
CENTER FOR IRRIGATION TECHNOLOGY. 
Computer Irrigation Scheduling. 
W90-10322 3F 


Careful Chemigation Could Help Growers. 
W90-10323 3F 


CALIFORNIA STATE UNIV., FULLERTON. 
Incidence of Environmental Degradation: a Case 
Study of Acid Mine Drainage. 

W90-10217 5C 


CALIFORNIA STATE UNIV., LONG BEACH. 
DEPT. OF MICROBIOLOGY. 
Sensitive Chromatographic Method for the De- 
tection of Pyruvyl Groups in Microbial Poly- 
mers from Sediments. 
W90- 10302 2H 


CALIFORNIA UNIV., BERKELEY. DEPT. OF 
CHEMISTRY. 
Models for Aqueous Electrolyte Mixtures for 
Systems Extending from Dilute Solutions to 
Fused Salts. 
W90-09850 2K 


CALIFORNIA UNIV., BERKELEY. 
LAWRENCE BERKELEY LAB. 
Numerical Simulation of the Effect of Soil Ni- 
trogen Transport and Transformations on 
Groundwater Contamination. 
W90-10401 5B 


CALIFORNIA UNIV., DAVIS. DEPT. OF 
CIVIL ENGINEERING. 
Denitrification in a Batch Wastewater Treat- 
ment System Using Sequestered Organic Sub- 
stances. 
W90-10314 5D 


Operation of a Three-Stage SBR System for 
Nitrogen Removal from Wastewater. 
W90-10315 5D 


CALIFORNIA UNIV., DAVIS. DEPT. OF 

LAND, AIR AND WATER RESOURCES, 
Extension Activities Needed to Expand Use of 
Evapotranspiration Data for Irrigation. 
W90-09744 3F 


Transport Processes from Soil Surfaces to 
Groundwaters. 
W90-10513 5B 


Effect of Groundwater Flow on Aquifer Degra- 
dation in Agricultural Regions. 
W90-10516 2F 
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CLEMSON UNIV., SC. DEPT. OF ENVIRONMENTAL SYSTEMS ENGINEERING. 


CALIFORNIA UNIV., IRVINE. DEPT. OF 
CIVIL ENGINEERING. 
Reclaimed Wastewater Storage in Ground- 
Water Basins. 
W90-09666 3C 


CALIFORNIA UNIV., SANTA CRUZ. EARTH 
SCIENCES BOARD. 
Modeling the Effects of Unsaturated, Stratified 
Sediments on Groundwater Recharge from 
Intermittent Streams. 
W90-09798 2E 


CALSCIENCE ENGINEERING AND LABS., 
INC., CYPRESS, CA. 

Control of Subsurface Migration. 

W90-09845 5G 


CAMBRIDGE UNIV, (ENGLAND). DEPT. OF 
CHEMICAL ENGINEERING. 
Convex Bladed Mixed Flow (CBMF) Impeller: 
A High Performance Agitator for Mixing Slur- 


ries. 
W90-10181 5D 


CAMBRIDGE UNIV. (ENGLAND). DEPT. OF 
GEOGRAPHY. 
Geochemistry of Subglacial Calcites: Implica- 
tions for the Hydrology of the Basal Water 
Film. 
W90-10261 2C 


CARIBBEAN RESEARCH INST., ST. 
THOMAS, VI. WATER RESOURCES 
RESEARCH CENTER. 
Fiscal Year 1988 Program Report (Virgin Is- 
lands Water Resources Research Center). 
W90-09523 9D 


CARLETON UNIV., OTTAWA (ONTARIO). 
DEPT. OF CHEMISTRY. 
Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 1: Evaluation of 
Grab Sample Methodology for Part-Per-Quad- 
rillion Analysis. 
W90-10275 5A 


CASE WESTERN RESERVE UNIV., 
CLEVELAND, OH. DEPT. OF SYSTEMS 
ENGINEERING. 

Identifying Emerging Water Issues for Electric 

Utilities. 

W90-10070 6D 


CEA CENTRE D’ETUDES NUCLEAIRES DE 

GRENOBLE (FRANCE). SECTION DES 

APPLICATIONS DES TRACEURS. 
Comparative Study of Two Tracer Methods for 
Determining the Hydrodynamic Parameters of 
Porous, Saturated Aquifers (Etude Comparative 
de Deux Methodes de Traceurs pour la Determi- 
nation des Parametres Hydrodynamiques des 
Aquiferes Poreux Satures). 
W90-09987 7B 


CENTRAL ELECTRICITY GENERATING 
BOARD, BERKELEY (ENGLAND). 
BERKELEY NUCLEAR LABS. 
Alternative Approach to Uncertainty in Risk 
Analysis and an Exactly Soluble Model for a 
Nuclear Waste Repository. 
W90-10431 7C 


CENTRAL RESEARCH INST. FOR DRYLAND 
AGRICULTURE, HYDERABAD (INDIA). 
Minimal Irrigation on Small Agricultural Water- 
sheds with Red Soils in Semi-Arid Tropics of 
Andhra Pradesh, India. 
W90-09657 3F 


Identifying Crops and Cropping Systems with 
Greater Production Stability in Water-deficit 
Environments. 

W90-09818 3F 


CENTRAL SOIL AND WATER 
CONSERVATION RESEARCH AND 
TRAINING INST., CHANDIGARH (INDIA). 
RESEARCH CENTRE. 
Rainwater Harvesting for the Management of 
Agricultural Droughts in the Foothills of North- 
ern India. 
W90-09659 3F 


CENTRAL SOIL SALINITY RESEARCH 
INST., KARNAL (INDIA). DIV. OF 
AGRICULTURAL ENGINEERING. 

Land and Water Use Planning in Alkali Soils 

Under Reclamation. 

W90-10123 3F 


CENTRE FOR WATER RESOURCES 
DEVELOPMENT AND MANAGEMENT, 
CALICUT (INDIA). WATER MANAGEMENT 
(AG) DIV. 

Water Requirements of Young Coconut Palms 

in a Humid Tropical Climate. 

W90-09785 3F 


CENTRE NATIONAL DU MACHINISME 

AGRICOLE, DU GENIE RURAL, DES EAUX 

ET DES FORETS, LYON (FRANCE). 
Importance of Climatic Conditions for the 
Structure of Mollusc Communities in European 
Lakes (Importance des Conditions Climatiques 
dans la Differenciation des Peuplements Malaco- 
logiques de Lacs Europeens). 
W90-10260 2H 


CESKOSLOVENSKA AKADEMIE VED, 
CESKE BUDEJOVICE. INST. OF LANDSCAPE 
ECOLOGY. 

Mathematical Model for 137Cs Uptake and Re- 

lease by Filamentous Algae. 

W90-09698 5B 


CH2M HILL, INC., GAINESVILLE, FL. 
Onsite Batch Recirculation Bottom Ash Filter 
Performance. 
W90-09924 5D 


CH2M/HILL, SEATTLE, WA. WATER AND 
WASTE DIV. 
Enhanced Nitrogen Removal Using a Modified 
Recirculating Sand Filter (RSF). 
W90-09927 5D 


CHINA NUCLEAR INFORMATION CENTRE, 
BEIJING. 
Simultaneous Determination of Nitrate and Ni- 
trite in Natural Water and Waste Water from 
Uranium Mines with Dual-Wavelength Spectro- 
photometric Method (In Chinese). 
W90- 10063 5A 


CLARKSON UNIV., POTSDAM, NY. DEPT. 
OF CIVIL AND ENVIRONMENTAL 
ENGINEERING. 
Growth and Decay of River Ice Covers. 
W90-10498 2C 


CLEMSON UNIV., SC. 
Sensitivity Index as a Screening Tool in the 
Analysis of Ground-Water Contaminant Trans- 


port. 
W90-10420 5B 


CLEMSON UNIV., SC. DEPT. OF 
ENVIRONMENTAL SYSTEMS 
ENGINEERING. 
Diagram for Designing and Operating Second- 
ary Clarifiers According to the Thickening Cri- 
terion. 
W90-10313 5D 


Economic Evaluation of Indirect Sludge Drying 
Prior to Incineration Processes. 
W90-10316 5D 





CNS SCIENTIFIC AND ENGINEERING 
SERVICES, READING (ENGLAND). 
Management, Monitoring and Classification--An 
Overview. 
W90-09767 5G 


COCHIN UNIV. (INDIA). SCHOOL OF 
ENVIRONMENTAL STUDIES. 
Effect of Fluoride on Axenic Cultures of Dia- 
toms. 
W90-10200 5C 


COLD REGIONS RESEARCH AND 
ENGINEERING LAB., HANOVER, NH. 

Intake Design for Ice Conditions. 

W90-09994 8B 


Hydrologic Aspects of Ice Jams. 
W90-10500 2C 


COLORADO SCHOOL OF MINES, GOLDEN. 
DEPT. OF CHEMISTRY AND 
GEOCHEMISTRY. 
Using Chemical Analyses and Assessing Quality 
in Aqueous Environmental Monitoring Pro- 
grams. 
W90-09871 5A 


Use of Model-Generated Fe(3+) Ion Activities 
to Compute Eh and Ferric Oxyhydroxide Solu- 
bilities in Anaerobic Systems. 

W90-09874 2K 


COLORADO STATE UNIV., FORT COLLINS. 
Legal Considerations for Coping with Externali- 
ties in Irrigated Agriculture. 

W90-10361 6E 


COLORADO STATE UNIV., FORT COLLINS. 
DEPT. OF AGRICULTURAL AND CHEMICAL 
ENGINEERING. 
Impact of Adverse Hydrological Events on Bac- 
terial Translocation in Coarse Soils Near On-Site 
Wastewater Treatment Systems. 
W90-09919 5B 


Variable-Time Model for Equitable Irrigation 
Water Distribution. 
W90-10162 3F 


COLORADO STATE UNIV., FORT COLLINS. 
DEPT. OF CIVIL ENGINEERING. 
Monte Carlo Simulations of Unsaturated Flow 
Through Layered Volcanic Tuffs at Yucca 
Mountain, Nevada. 
W90-10098 5B 


COLORADO STATE UNIV., FORT COLLINS. 
DEPT. OF RADIOLOGY AND RADIATION 
BIOLOGY. 
Radionuclide Uptake and Growth of Barn Swal- 
lows Nesting by Radionuclide Leaching Ponds. 
W90-10327 5C 


COMMISSARIAT A L’ENERGIE ATOMIQUE, 
SACLAY (FRANCE). CENTRE D’ETUDES 
NUCLEAIRES, 
Study of the Evolution of Dredged Material 
Discharges by Means of Radioactive Tracers. 
W90-09990 5B 


COMMONWEALTH ENGINEERING AND 
TECHN@LOGY, INC., HARRISBURG, PA. 
Wetlands. 
W90-10332 2H 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
ALICE SPRINGS (AUSTRALIA). DIV. OF 
WILDLIFE AND RANGELANDS RESEARCH. 
Hydrology and Sediment Models. 
W90-10341 2J 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
ASPENDALE (AUSTRALIA). DIV. OF 
ATMOSPHERIC RESEARCH. 

Monitoring Floods with AVHRR. 

W90-10306 
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COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
CANBERRA (AUSTRALIA). CENTRE FOR 
ENVIRONMENTAL MECHANICS, 

Scattering Analog for Infiltration in Porous 

Media. 

W90-09746 2G 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
HOBART (AUSTRALIA). MARINE LABS. 
Dinoflagellate Cysts in Recent Marine Sedi- 
ments from Tasmania, Australia. 
W90-10283 aL 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
LUCAS HEIGHTS (AUSTRALIA). LUCAS 
HEIGHTS RESEARCH LABS. 
Flow-Injection Determination of Organic Con- 
taminants in Water Using an Ultraviolet-Mediat- 
ed Titanium Dioxide Film Reactor. 
W90-09627 5A 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
LYNEHAM (AUSTRALIA). DIV. OF 
WILDLIFE AND RANGELANDS RESEARCH. 
Calculated Soil-Water Balances as Tools to 
Evaluate Crop Performance in Drought-prone 
Regions. 
W90-09815 3F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
ST. LUCIA (AUSTRALIA). DIV. OF 
TROPICAL CROPS AND PASTURES. 
Critical Evaluation of the Possibilities for Modi- 
fying Crops for High Production per Unit of 
Precipitation. 
W90-09825 3F 


Breeding for Improved Plant Performance in 
Drought-prone Environments. 
W90-09826 3F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). 

Groundwater Hydrology and Salinity in a 

Valley in Northeast Thailand. 

W90-10518 2F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). DIV. OF WATER 
RESOURCES. 
Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: I. 
Throughfall Measurement in a Eucalypt Forest: 
Effect of Method and Species Composition. 
W90-09777 2A 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: II. 
Stemflow and Factors Affecting Stemflow in a 
Dry Sderophyll Eucalypt Forest and a Pinus 
radiata Plantation. 

W90-09778 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: III. 
Determination of the Canopy Storage Capacity 
of a Dry Sderophyll Eucalypt Forest. 

W90-09779 21 


Partitioning of Rainfall in a Eucalypt Forest and 
Pine Plantation in Southeastern Australia: IV. 
The Relationship of Interception and Canopy 
Storage Capacity, the Interception of these For- 
ests, and the Effect on Interception of Thinning 
the Pine Plantation. 

W90-09780 21 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). DRYLAND CROPS 
AND SOILS RESEARCH PROGRAM. 

Soil Physics and Irrigation: Tapping the Poten- 

tial for Drip. 

W90-09573 3F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). LAB. FOR RURAL 
RESEARCH. 
Plant Water Relations and Irrigation Manage- 
ment. ; 
W90-09566 3F 


COMPAGNIE INTERCOMMUNALE 

BRUXELLOISE DES EAUX (BELGIUM). 
Lessons to Be Drawn from the Performance of a 
Conventional Drinking Water Treatment Plant 
During Fallout from the Chernobyl Accident 
(Enseignments Relatifs aux Performances d’Une 
Filiere Classique de Traitement d’Eau Potable 
Lors des Retombees de l’Accident de Tcherno- 
byl). 
W90-09980 5B 


CONNECTICUT AGRICULTURAL 
EXPERIMENT STATION, NEW HAVEN. 
DEPT. OF HORTICULTURE AND 
FORESTRY. 
Anticipating the Frequency Distribution of Pre- 
cipitation If Climate Change Alters Its Mean. 
W90-09711 2B 


CONNECTICUT UNIV., STORRS. DEPT. OF 
AGRICULTURAL ENGINEERING. 
Contribution of Selected Toxic Chemicals To 
Groundwater from Domestic On-Site Sewage 
Disposal Systems. 
W90-09938 5B 


CONNECTICUT UNIV., STORRS. DEPT. OF 
CIVIL ENGINEERING. 
Ozone Mass Transfer in a Gas-Sparged Turbine 
Reactor. 
W90-10312 SF 


CONNECTICUT UNIV., STORRS. INST. OF 
WATER RESOURCES. 
Fiscal Year Program Report (Connecticut Insti- 
tute of Water Resources). 
W90-09518 9D 


CONSIGLIO NAZIONALE DELLE 
RICERCHE, PISA (ITALY). IST. PER LA 
CHIMICA DEL TERRENO. 

Simple Model to Evaluate Herbicide Fate in the 

Air-Water-Soil System. 

W90-09716 5B 


CONSOLIDATION COAL CO., LIBRARY, PA. 

RESEARCH AND DEVELOPMENT DEPT. 
Predicting the Impacts of a Logical Mining Unit 
System on the Water Resources of an Area. 
W90-10084 4C 


COOK COLL., NEW BRUNSWICK, NJ. DEPT. 
OF ENVIRONMENTAL SCIENCE. 
Runoff-Induced Metals in Lakes Bay, New 
Jersey. 
W90-10135 5B 


COOPERATIVE INST. FOR RESEARCH IN 
ENVIRONMENTAL SCIENCE, BOULDER, 
co. 
Comparison of Melt Energy Computations and 
Ablatometer Measurements on Melting Ice and 
Snow. 
W90-10262 2C 





COPENHAGEN UNIV. (DENMARK). 
GEOPHYSICAL INST. 
Mapping of Irrigation Need Based on Comput- 
erized Soil and Climatic Data. 
W90-10164 6D 


CORNELL UNIV., ITHACA, NY. 
All Is Not Wells in North China: Irrigation in 
Yucheng County. 
W90-10366 3F 


CORNELL UNIV., ITHACA, NY. DEPT. OF 
AGRONOMY. 
Probabilistic Quantitative Precipitation Fore- 
casts Derived from PoPs and Conditional Pre- 
cipitation Amount Climatologies. 
W90-09807 2B 


CORVALLIS ENVIRONMENTAL RESEARCH 
LAB., OR. 
Hexachlorobenzene Uptake by Fathead Min- 
nows and Macroinvertebrates in Recirculating 
Sediment/Water Systems. 
W90-09591 5B 


COSTA RICA UNIV., SAN JOSE. DEPT. OF 
AGRICULTURAL ENGINEERING. 
Optimization of Rainfed Tropical Cropping in 
Semi-Dry Areas: A Case Study. 
W90-09661 3F 


COUNCIL FOR SCIENTIFIC AND 
INDUSTRIAL RESEARCH, PRETORIA 
(SOUTH AFRICA). DIV. OF WATER 
TECHNOLOGY. 
Application of Ultrafiltration Membranes for 
Solids - Liquid Separation in Anaerobic Diges- 
tion Systems: The ADUF Process. 
W90-09752 5D 


CROSS RIVER STATE UNIV., UYO 
(NIGERIA). DEPT. OF ZOOLOGY AND 
FISHERIES. 
Growth, Biomass, Mortality, Production and 
Potential Yield of the West African Clam, 
Egeria radiata (Lamarck) (Lamellibranchia, 
Donacidae) in the Cross River System, Nigera. 
W90-10268 2H 


DAR ES SALAAM UNIV. (TANZANIA). DEPT. 

OF ZOOLOGY AND MARINE BIOLOGY. 
Nutrient Release from Swamp Water, Cyperus 
papyrus L. Organs and Swamp Sediments. 
W90-09736 2H 


DARTMOUTH COLL., HANOVER, NH. DEPT. 
OF BOLOGICAL SCIENCES. 
Inventory of Rotifer Species Diversity of North- 
ern Michigan Inland Lakes. 
W90-10257 2H 


DAVIS (KEN E.) ASSOCIATES, BATON 
ROUGE, LA. 
Hydrogeologic Investigations Conducted to Es- 
timate Ground Water Flow Rates into a Surface 
Mining Pit Using a Computer Model. 
W90-10072 2F 


DE LEUW, CATHER AND CO., CHICAGO, IL. 
Susitna Hydroelectric Project Simulation of 
Reservoir Operation. 

W90-10435 4A 


DECHEMA, FRANKFURT AM MAIN 
(GERMANY, F.R.). 
Electrochemical Processes in Environmental 
Protection (Elektrochemische Umwelttechnik). 
W90-10175 5D 


DELTA INST. FOR HYDROBIOLOGICAL 
RESEARCH, YERSEKE (NETHERLANDS). 
Oostreschelde Estuary (S. W. Netherlands): A 
Self-Sustaining Ecosystem. 
W90-09697 2L 
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EIDGENOESSISCHE TECHNISCHE HOCHSCHULE, ZURICH (SWITZERLAND). 


DEP. OF AGRONOMY, AUGUST FIRST 
UNIV., HEILONGJIANG PROV., CHINA. 
Tillage Effects on the Spatial and Temporal 
Variations of Soil Water. 
W90-10252 3F 


DEPARTMENT OF ENERGY, RICHLAND, 
WA. RICHLAND OPERATIONS OFFICE. 
Role of Uncertainty in the Basalt Waste Isola- 
tion Project. 
W90-10410 SE 


DEPARTMENT OF ENERGY, WASHINGTON, 
DC 


Performance Assessment, Site Characterization, 
and Sensitivity and Uncertainty Methods: Their 
Necessary Association for Licensing. 

W90-10405 SE 


DEPARTMENT OF FISHERIES AND 

OCEANS, HALIFAX (NOVA SCOTIA). 
Structure and Interannual Variability of the 
Plankton and Its Environment off Southwest 
Nova Scotia in Late Spring and Early Summer. 
W90-09639 2L 


DEPARTMENT OF FISHERIES AND 
OCEANS, ST. ANDREWS (NEW 
BRUNSWICK). BIOLOGICAL STATION. 
Modelling the Initiation of Spring Phytoplank- 
ton Blooms: A Synthesis of Physical and Biolog- 
ical Interannual Variability off Southwest Nova 
Scotia, 1983-85. 
W90-09640 2L 


DEPARTMENT OF FISHERIES AND 
OCEANS, WINNIPEG (MANITOBA). 
FRESHWATER INST. 

Losses of Biota from American Aquatic Com- 

munities Due to Acid Rain. 

W90-09725 5C 


DEPARTMENT OF INDIAN AFFAIRS AND 
NORTHERN DEVELOPMENT, 
WHITEHORSE (YUKON TERRITORY). 
WATER RESOURCES DIV. 

Methodology for Estimating Design Peak Flows 

for Yukon Territory. 

W90-10469 7C 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH, LOWER HUTT 
(NEW ZEALAND). INST. OF NUCLEAR 
SCIENCES. 

Hydrology of Rotorua Geothermal Aquifer, 

New Zealand. 

W90-09953 2F 


DES MOINES, IA. 
Coordinated Resource Management and Plan- 
ning: The Case of the Missouri Flat Creek Wa- 
tershed. 
W90-10227 5G 


DEUTSCHES HYDROGRAPHISCHES INST., 
HAMBURG (GERMANY, F.R.). 
Stratification during Periods of Oxygen Defi- 
ciency in the German Bight during the Summers 
from 1981 to 1983: A Comparison with the 
Long-term Variation in Stratification. 
W90-09805 2L 


DISTRICT OF COLUMBIA UNIV., 
WASHINGTON. WATER RESOURCES 
RESEARCH CENTER. 
Fiscal Year 1988 Program Report (District of 
Columbia Water Resources Research Center). 
W90-09520 9D 


DOW CHEMICAL CO., MIDLAND, MI. 
ANALYTICAL LABS. 
Determination of Chlorpyrifos in Water by 
Large-Volume Direct Aqueous Injection Capil- 
lary Gas Chromatography. 
W90-09664 5A 


DOW CHEMICAL U.S.A., MIDLAND, MI. 
HEALTH AND ENVIRONMENTAL 
SCIENCES. 

Evaluation of a 14-Day Static Renewal Toxicity 

Test with Daphnia magna Straus. 

W90-09596 5A 


DUKE POWER CO., HUNTERSVILLE, NC. 
APPLIED SCIENCE CENTER. 
Duke Power Company Aquatic Plant Manage- 
ment Program. 
W90-10013 4A 


DUNSTAN (MALCOLM) AND ASSOCIATES, 
NEWTON ABBOT (ENGLAND). 
Review of Roller Compacted Concrete Dams in 
the 1980s. 
W90-09647 8F 


EA ENGINEERING, SCIENCE, AND 
TECHNOLOGY, INC., LAFAYETTE, CA. 
Recommendation of Flushing Flows for Mainte- 
nance of Salmonid Spawning Gravels in a Steep, 
Regulated Stream. 
W90-10085 8I 


EA ENGINEERING, SCIENCE, AND 
TECHNOLOGY, INC., LAFAYETTE, CA. 
WESTERN REGIONAL OPERATIONS. 
Flushing Flows. 
W90-10001 


EA ENGINEERING, SCIENCE, AND 
TECHNOLOGY, INC., LINCOLN, NE. 
Multistage Screening Process for River Basin 
Planning. 
W90-09667 6A 


ECOLE NORMALE SUPERIEURE, PARIS 
(FRANCE). LAB. D’ECOLOGIE. 
Factors Controlling the Planktonic Community 
in the Shallow Lake of Creteil, France. 
W90-09617 2H 


ECOLE NORMALE SUPERIEURE, PARIS 
(FRANCE). LAB. DE METEOROLOGIE 
DYNAMIQUE. 
Time Scale of Land Surface Hydrology in Re- 
sponse to Initial Soil Moisture Anomalies: A 
Case Study. 
W90-10320 2G 


ECOLE POLYTECHNIQUE, MONTREAL 
(QUEBEC). 
Sand-Bentonite Liners: Field Control Methods. 
W90-10173 5G 


ECONOMIC RESEARCH SERVICE, 
WASHINGTON, DC. RESOURCES AND 
TECHNOLOGY DIV. 
Federal Farm Policy and Water Quality. 
W90-10225 6B 


Planting Flexibility: Implications for Ground- 
water Protection. 
W90-10226 5G 


Beyond Swampbuster: A Permanent Wetland 
Reserve. 


W90-10228 6E 


EIDGENOESSISCHE TECHNISCHE 
HOCHSCHULE, ZURICH (SWITZERLAND). 
VERSUCHSANSTALT FUER WASSERBAU, 
HYDROLOGIE UND GLAZIOLOGIE. 
Channel Engineering and Erosion Control. 
W90-10003 4A 





ORGANIZATIONAL INDEX 


EIDGENOESSISCHES INST. FUER SCHNEE- UND LAWINENFORSCHUNG, DAVOS 


EIDGENOESSISCHES INST. FUER SCHNEE- 
UND LAWINENFORSCHUNG, DAVOS 
(SWITZERLAND). 
Hour-To-Hour Snowmelt Rates and Lysimeter 
Outflow During an Entire Ablation Period. 
W90-10377 2C 


ENSR, ACTON, MA. 
Laboratory Tests of a Theory of Fingering 
During Infiltration into Layered Soils. 
W90-10247 2G 


ENTRIX, INC., ANCHORAGE, AK. 
Erosion Control for Placer Mining. 
W90-10480 4D 


ENVIRONMENTAL PROTECTION AGENCY, 
CINCINNATI, OH. RISK REDUCTION 
ENGINEERING LAB. 
Efficacy of beta-Glucuronidase Assay for Identi- 
fication of Escherichia coli by the Defined-Sub- 
strate Technology. 
90-09628 


SA 


ENVIRONMENTAL PROTECTION AGENCY, 
NARRAGANSETT, RI. ENVIRONMENTAL 
RESEARCH LAB. 

Acute and Chronic Toxicity of Ammonia to 

Marine Fish and a Mysid. 

W90-09594 5C 


ENVIRONMENTAL PROTECTION AGENCY, 

WASHINGTON, DC. 
Hazardous-Waste-Management Facility Siting. 
W90-09835 SE 


Outreach--Coming Together to Help Small 
Communities. 
W90-09909 5D 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF SOLID 
WASTE. 

Exposure and Risk Assessment. 

W90-09829 SE 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF TOXIC 
SUBSTANCES. 

Hazardous Waste and Chemical Substances: 

Statutory Review. 

W90-09828 5E 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF WATER 
REGULATIONS AND STANDARDS. 
Incineration of Hazardous Waste. 
W90-09831 


ENVIRONMENTAL RESEARCH LAB., 
ATHENS, GA. 
Survival of the Fattest. Implications for Acute 
Effects of Lipophilic Chemicals on Aquatic Pop- 
ulations. 
W90-10138 5C 


ENVIRONMENTAL RESEARCH LAB., 
DULUTH, MN. 
Solubility and Toxicity of Eight Phthalate Esters 
to Four Aquatic Organisms. 
W90-10140 5C 


ERM-NORTH CENTRAL, INC., PARK RIDGE, 
IL. 

Storage of Hazardous Wastes. 

W90-09832 5E 


ESCUELA SUPERIOR DE INGENIEROS, 
BILBAO (SPAIN). DEPT. DE INGENIERIA 
QUIMICA Y DEL MEDIO AMBIENTE. 
Hydrochemical Applications of the Analysis of 
Repeated Measurements. 
W90-09756 7A 


ESPEY, HUSTON AND ASSOCIATES, INC., 
AUSTIN, TX. 
Practical Determination of Hypothetical Floods. 
W90-09672 2E 
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EWA, INC., MINNEAPOLIS, MN. 
Stochastic Parameter Estimation for Nuclear 
Repository Site Characterization at Hanford, 
Washington. 
W90-10429 2F 


FACULDADES INTEGRADAS DE SANTA 

CRUZ DO SUL. CAIXA POSTAL 236, 96800, 

SANTA CRUZ DO SUL, RS, BRAZIL. 
Time-Space Variation of the Chemical and 
Physical Composition in the System of Mouth of 
Mantagua Stream, Chile (Variacion Espacio- 
Temporal de Caracteristicas Quimicas y Fisicas 
en Aguas del Sistema de Desembocadura del 
Estero de Mantagua, Chile). 
W90-10199 2L 


FISH AND WILDLIFE SERVICE, RALEIGH, 
NC. RALEIGH FIELD OFFICE. 
U.S. Fish and Wildlife Service and the Environ- 
mental Protection Agency’s Endangered Species 
Pesticide Labelling Program: Their Relationship 
and Its Impact on Aquatic Weed and Mosquito 
Control. 
W90-10031 4A 


FISHERIES RESEARCH INST., SYDNEY 
(AUSTRALIA). 
Experimental Transplanting of Seagrasses in 
Botany Bay, Australia. 
W90-10245 2L 


FLORENCE UNIV. (ITALY). DEPT. OF CIVIL 
ENGINEERING. 
River Processes Methodological Approach: Ex- 


perience with the River Musone, Italy. 
W90-09991 


FLORIDA AGRICULTURAL AND 
MECHANICAL UNIV., TALLAHASSEE. DEPT. 
OF CIVIL ENGINEERING. 

Water Use and Public Policy. 

W90-10109 6D 


FLORIDA STATE DEPT. OF HEALTH AND 
REHABILITATIVE SERVICES, 
TALLAHASSEE. ENVIRONMENTAL HEALTH 
PROGRAM. 

Florida’s Onsite Sewage Disposal 

(OSDS) Research Project. 

W90-09915 


System 
5D 


FLORIDA STATE UNIV., TALLAHASSEE. 
DEPT. OF CHEMISTRY. 
Kinetics of Rare Earth Metal Binding to Aquatic 
Humic Acids. 
W90-09886 5B 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
AGRICULTURAL ENGINEERING, 
Stability of Crop Coefficients under Different 
Climate and Irrigation Management Practices. 
W90-09784 3F 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
AGRONOMY. 
Applications of, and Limitations to, Crop 
Growth Simulation Models to Fit Crops and 
Cropping Systems to Semi-Arid Environments. 
W90-09817 3F 


Selecting Crops and Cropping Systems for 
Water-limited Environments. 
W90-09819 3F 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
ENVIRONMENTAL ENGINEERING 
SCIENCES, 

Denitrification in a Moving Bed Upflow Sand 

Filter. 

W90-10311 5D 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
SOIL SCIENCE. 
Evaluation of Florida Soils for On-Site Sewage 
Disposal Systems. 
W90-09949 5D 


Oxygen Transport through Aquatic Macro- 
phytes: The Role in Wastewater Treatment. 
W90-10190 5D 


FLORIDA UNIV., GAINESVILLE. INST. OF 
FOOD AND AGRICULTURAL SCIENCES. 
Modified Autoanalyzer II Method for the Deter- 
mination of NO3-N in Water Using a Hollow- 
Cd Reduction Coil. 
W90-09604 7B 


Aquatic Plant Management in Florida. 
W90-10021 4A 


FLORIDA UNIV., GAINESVILLE. WATER 
RESOURCES RESEARCH CENTER. 
Fiscal Year 1988 Program Report (Florida 
Water Resources Research Center). 
W90-09551 9D 


FOOD AND AGRICULTURE ORGANIZATION 

OF THE UNITED NATIONS, ROME (ITALY). 
Groundwater as a Constraint to Irrigation. 
W90-10372 3F 


FOOD AND AGRICULTURE ORGANIZATION 
OF THE UNITED NATIONS, ROME (ITALY). 
FISHERY RESOURCES AND ENVIRONMENT 
DIV. 

Floodplain Fisheries Management. 

W90-10005 4A 


FORTH RIVER PURIFICATION BOARD, 
QUEENSFERRY (SCOTLAND). TIDAL 
WATERS LAB. 

Forth Estuary: A Nursery and Overwintering 

Area for North Sea Fishes. 

W90-09689 8I 


FOUNDATION FOR WORLD HUNGER 
ALLEVIATION THROUGH RESPONSE 
FARMING, DAVIS, CA. 
Development of Management Strategies for 
Minimizing the Impact of Seasonal Rainfall Var- 
iation. 
W90-09822 3F 


FRESHWATER BIOLOGICAL ASSOCIATION, 

WAREHAM (ENGLAND). RIVER LAB. 
Application of a Classification and Prediction 
Technique Based on Macroinvertebrates to 
Assess the Effects of River Regulation. 
W90-10008 7B 


GARTNER LEE ASSOCIATES LTD., 
MARKHAM (ONTARIO). 
Modern and Fossil Groundwater in an Arid 
Environment: A Look at the Hydrogeology of 
Southern Oman. 
W90-09960 2F 


GDANSK UNIV. (POLAND). INST. OF 
OCEANOGRAPHY. 
Transformation of Pollution along the Course of 
the Lupawa River in Years 1985-1986. 
W90-09810 5B 


GENDRON LEFEBVRE, INC., LAVAL 
(QUEBEC). 
Influence of Temperature on the Efficiency of 
Biological Activated Carbon Filters (Influence 
de la Temperature sur le Rendement des Filtres 
au Charbon Active Biologique). 
W90-10236 SF 


GENERAL HYDROLOGICAL STATION OF 
LIAONING PROVINCE, SHENYANG 
(CHINA). 
Analysis of Evaporation Coefficient From Ice 
Surfaces During the Freezing Season in North- 
ern China. 
W90-10378 2D 





GEOLOGICAL SURVEY, ALBUQUERQUE, 
NM. WATER RESOURCES DIV. 
Lithology of Basin-Fill Deposits in the Albu- 
querque-Belen Basin, New Mexico. 
W90-09905 2F 
GEOLOGICAL SURVEY, ANCHORAGE, AK. 
Deep-Lying Chlorophyll Maxima at Big Lake: 
Implications for Trophic State Classification of 
Alaskan Lakes. 
W90-10455 2H 


Primary Production, Chlorophyll, and Nutrients 
in Horseshoe Lake, Point MacKenzie, Alaska. 
W90-10457 2H 


GEOLOGICAL SURVEY, ANCHORAGE, AK. 
WATER RESOURCES DIV. 
Lateral Movement of Contaminated Ground 
Water from Merrill Field Landfill, Anchorage, 
Alaska. 
W90-09514 5B 


GEOLOGICAL SURVEY, BOISE, ID. WATER 
RESOURCES DIV. 
Selected Ground-Water Quality Data for the 
Southern Part of the Fort Hall Indian Reserva- 
tion, Southeastern Idaho, July 1989. 
W90-09537 5B 


Selected Ground-Water Quality Data for the 
Area Near Fort Hall, Fort Hall Indian Reserva- 
tion, Southeastern Idaho, June 1989. 

W90-09538 5B 


GEOLOGICAL SURVEY, CARSON CITY, NV. 
WATER RESOURCES DIV. 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in and Near Stillwater Wild- 
life Management Area, Churchill County, 
Nevada, 1886-87. 
W90-09530 5B 


Geohydrologic Data for Selected Springs in 
Eastern Nevada Through 1982, with Emphasis 
on White Pine County. 

W90-09534 2F 


Hydrologic Activities of the U.S. Geological 
Survey in Support of the Radionuclide Migra- 
tion Program, Nevada Test Site and Vicinity, 
Nye County, Nevada, Fiscal Year 1987. 

W90-09539 2F 


Cost Effectiveness of the Stream-Gaging Pro- 
gram in Nevada. 
W90-09542 TA 


GEOLOGICAL SURVEY, COLUMBIA, SC. 
WATER RESOURCES DIV. 
Water-Resources Activities, South Carolina Dis- 
trict, 1987-88. 
W90-09515 9C 


Flood Frequency of the Savannah River at Au- 
gusta, Georgia. 
W90-09545 2E 


GEOLOGICAL SURVEY, COLUMBUS, OH. 
WATER RESOURCES DIV. 
Flood of July 1-2, 1987, in North-Central Ohio. 
W90-09891 


Ground-Water Levels and Flow Near the Indus- 
trial Excess Landfill, Uniontown, Ohio. 
WS0-09892 2F 


Withdrawal and Distribution of Water by Public 
Water Supplies in Ohio, 1985. 
W90-09893 3D 


Summary of Fluvial-Sediment Studies in Ohio, 
Through 1987. 
W90-09900 2J 


ORGANIZATIONAL INDEX 


GEOLOGICAL SURVEY, SACRAMENTO, CA. WATER RESOURCES DIV. 


Determination of Flood WHydrographs for 
Streams in South Carolina: Volume 1. Simula- 
tion of Flood Hydrographs for Rural Water- 
sheds in South Carolina. 
W90-09901 


2E 


GEOLOGICAL SURVEY, DENVER, CO. 


Ion-Association Models and Mean Activity Co- 
efficients of Various Salts. 
W90-09849 2K 


Transport of CO2(14) in Unsaturated Glacial 
and Eolian Sediments. 
W90-09861 5B 


Simulation of Molybdate Transport With Differ- 
ent Rate-Controlled Mechanisms. 
W90-09865 5B 


Chemical Causes of Groundwater Movement. 
W90-10509 2K 


GEOLOGICAL SURVEY, DENVER, CO. 
WATER RESOURCES DIV. 
Estimating Pumping Time and Ground-Water 
Withdrawals Using Energy-Consumption Data. 
W90-09543 2F 


Traveltime and Reaeration of Selected Streams 
in the North Platte and Yampa River Basins, 
Colorado. 

W90-09897 4C 


Geohydrology and Ground-Water Quality at the 
Pueblo Depot Activity Landfill Near Pueblo, 
Colorado. 

W90-09902 2F 


GEOLOGICAL SURVEY, FAIRBANKS, AK. 
WATER RESOURCES DIV. 
Annual Runoff Rate From Glaciers in Alaska; A 
Model Using the Altitude of Glacier Mass Bal- 
ance Equilibrium. 
W90-10490 2C 


GEOLOGICAL SURVEY, HELENA, MT. 
WATER RESOURCES DIV. 
Pesticides in Soils and Ground Water in Select- 
ed Irrigated Agricultural Areas Near Havre, 
Ronan, and Huntley, Montana. 
W90-09906 5B 


GEOLOGICAL SURVEY, HURON, SD. 
WATER RESOURCES DIV. 
Water-Resources Appraisal of the Lake Tra- 
verse Indian Reservation in South Dakota. 
W90-09526 2F 


GEOLOGICAL SURVEY, LITTLE ROCK, AR. 
WATER RESOURCES DIV. 
Ground-Water Levels in Arkansas, Spring 1989. 
W90-09540 2 


Ground-Water Resources of the Upper White 
River Basin in Arkansas. 
W90-09890 2F 


GEOLOGICAL SURVEY, MENLO PARK, CA. 
Trace Contaminants in Streams. 
W90-10130 5B 


Review of Groundwater Management Models. 
W90-10367 2F 


Risk Aversion in Conjunctive Water Use. 
W90-10371 3F 


GEOLOGICAL SURVEY, MENLO PARK, CA. 


WATER RESOURCES DIV. 
Revised Chemical Equilibrium Data for Major 
Water-Mineral Reactions and Their Limitations. 
W90-09877 2K 


Aluminum Hydrolysis Reactions and Products 
in Mildly Acidic Aqueous Systems. 
W90-09879 2K 


Role of Reactive-Surface-Area Characterization 
in Geochemical Kinetic Models. 
W90-0988 1 2K 


Considerations for Modeling Transport of Bac- 
teria in Contaminated Aquifers. 
W90-10510 5B 


GEOLOGICAL SURVEY, NASHVILLE, TN. 
WATER RESOURCES DIV. 
Flood of December 25, 1987, in Millington, Ten- 
nessee and Vicinity. 
W90-09527 7C 


Ground-Water Use by Public Supply Systems in 
Tennessee in 1985. 
Ww90-09541 6D 


Geology and Ground-Water Resources of the 
Fort Pillow Sand in Western Tennessee. 
W90-09544 2F 


Hydrogeology of a Hazardous-Waste Disposal 
Site Near Brentwood, Williamson County, Ten- 
nessee. 

W90-09903 2F 


GEOLOGICAL SURVEY, NSTL STATION, MS. 
HYDROLOGIC INSTRUMENTATION 
FACILITY. 

Recent Developments in Hydrologic Instrumen- 

tation. 

W90-10448 7B 


GEOLOGICAL SURVEY OF IRELAND, 
DUBLIN. 
Impact of Agriculture on Groundwater in Ire- 
land. 
W90-10397 4C 


GEOLOGICAL SURVEY, PORTLAND, OR. 
WATER RESOURCES DIV. 
Ground-Water Inflow to the Deschutes River 
Near the Warm Springs Indian Reservation, 
Oregon, August 1985. 
W90-09533 2F 


Review of Edgematching Procedures for Digital 
Cartographic Data Used in Geographic Infor- 
mation Systems (GIS). 

W90-09536 7C 


GEOLOGICAL SURVEY, RESTON, VA. 
Modeling Solid-Solution Reactions in Low- 
Temperature Aqueous Systems. 

W90-09852 2K 


Application of the Pitzer Equations to the 
PHREEQE Geochemical Model. 
W90-09856 2K 


GEOLOGICAL SURVEY, RESTON, VA. 
WATER RESOURCES DIV. 
Problems Encountered and Methods Used in the 
U.S. Geological Survey for the Collection of 
Streamflow Data Under Ice Cover. 
W90-10449 7B 


GEOLOGICAL SURVEY, SACRAMENTO, CA. 
WATER RESOURCES DIV. 
Reconnaissance Investigation of Water Quality, 
Bottom Sediment, and Biota Associated with 
Irrigation Drainage in the Salton Sea Area, Cali- 
fornia, 1986-87. 
W90-09529 5B 


Flood of January 1982 in the San Francisco Bay 
Area, California. 
W90-09898 2E 





ORGANIZATIONAL INDEX 


GEOLOGICAL SURVEY, SACRAMENTO, CA. WATER RESOURCES DIV. 


Hydrologic and Geochemical Monitoring in 
Long Valley Caldera, Mono County, California, 
1986. 

W90-09899 7B 


Distribution of Wells in the Central Part of the 
Western San Joaquin Valley, California. 
W90-09904 7C 


GEOLOGICAL SURVEY, TACOMA, WA. 
WATER RESOURCES DIV. 
Water Resources Data, Washington, Water Year 
1988. 
W90-09532 7C 


GEOLOGICAL SURVEY, TALLAHASSEE, FL. 
WATER RESOURCES DIV. 
Functional Requirements of Computer Systems 
for the U.S. Geological Survey, Water Re- 
sources Division, 1988-97. 
W90-09535 10B 


GEOLOGICAL SURVEY, TAMPA, FL. WATER 
RESOURCES DIV. 
Potential for Saltwater Intrusion into the Upper 
Floridan Aquifer, Hernando and Manatee Coun- 
ties, Florida. 
W90-09528 5B 


GEOLOGICAL SURVEY, TUCSON, AZ. 
Water Resources Data, Arizona, Water Year 
1988. 
W90-09531 7C 


GEOLOGICAL SURVEY, WEST TRENTON, 
NJ. WATER RESOURCES DIV. 
Selected Borehole Geophysical Logs and 
Drillers’ Logs, Northern Coastal Plain of New 
Jersey. 
W90-09888 2F 


Compilation of Mean Annual Suspended-Sedi- 
ment Yields for Selected Streams Draining 
Basins Within and Adjacent to Coal Fields in the 
Eastern United States. 

W90-09889 2J 


Assessment of the Potential Effects of Climate 
Change on Water Resources of the Delaware 
River Basin: Work Plan for 1988-90. 

W90-09894 2B 


Corrosive Ground Water in the Kirkwood-Co- 
hansey Aquifer System in the Vicinity of Ocean 
County, East-Central New Jersey. 

W90-09895 2K 


Simulated Effects of Future Withdrawals on 
Water Levels in the Northeastern Coastal Plain 
Aquifers of New Jersey. 

W90-09896 2F 


GEORGIA INST. OF TECH., ATLANTA. 
ENVIRONMENTAL RESOURCES CENTER. 
Fiscal Year 1988 Program Report (Georgia 
Water Research Institute). 
W90-09558 9D 


GEORGIA UNIV., ATHENS. DEPT. OF 
ZOOLOGY. 
Ecosystem Metabolism and Turnover of Organ- 
ic Carbon Along a Blackwater River Continu- 


um. 
W90-09613 2H 


Sediment-to-Water Fluxes of Particulate Materi- 
al and Microbes by Resuspension and their Con- 
tribution to the Planktonic Food Web. 

W90-10300 2L 


GEORGIA UNIV., ATHENS. SCHOOL OF 
ENVIRONMENTAL DESIGN. 
Precipitation Observed over the South China 
Sea by the Nimbus-7 Scanning Multichannel 
Microwave Radiometer during Winter 
MONEX. 
W90-09787 2B 


OR-10 


Role of the Long-term Water Balance in Man- 
agement of Stormwater Infiltration. 
W90-09788 4B 


GEOSTOKOS LTD., LONDON (ENGLAND). 
MUCK--A Novel Approach to Co-Kriging. 
W90-10427 


GESELLSCHAFT FUER STRAHLEN- UND 
UMWELTFORSCHUNG M.B.H. MUENCHEN, 
NEUHERBERG (GERMANY, F.R.). INST. 
FUER RADIOHYDROMETRIE. 
Isotopic and Geochemical Studies Investigating 
the Genesis of Carbon Isotope Content in Young 
Groundwaters. 
W90-09956 2F 


Groundwater Dating with Helium Isotopes. 
W90-09957 


GESELLSCHAFT FUER STRAHLEN- UND 
UMWELTFORSCHUNG M.B.H. MUENCHEN, 
NEUHERBERG (GERMANY, F.R.). 
PROJEKTGRUPPE 
UMWELTGEFAEHRDUNGSPONTENIALE 
VON CHEMIKALIEN. 

Leaching and Transformation of Glufosinate- 

Ammonium and Its Main Metabolite in a Lay- 

ered Soil Column. 

W90-10133 5B 


GIBB (ALEXANDER) AND PARTNERS LTD., 
LONDON (ENGLAND). 
Effects of Aggressive Water on Dam Concrete. 
W90-09646 8F 


GOLDER ASSOCIATES, INC., ALAMEDA, CA. 
Selenium Immobilization in a Pond Sediment at 
Kesterson Reservoir. 

W90-10194 5G 


GORAKHPUR UNIV. (INDIA). DEPT. OF 
ZOOLOGY. 
Heptachlor Induced Hematological and Bio- 
chemical Changes in the Indian Catfish (Heter- 
opneustes fossilis (Bloch.)). 
W90-09682 5C 


GRAZ UNIV. (AUSTRIA). INST. FUER 
THERMISCHE VERFAHRENSTECHNIK UND 
UMWELTTECHNIK. 
Recovery of Ammonia from Industrial Waste 
Water (Rueckgewinnung von Ammoniak aus In- 
dustrieabwasser). 
W90-10326 5D 


GRENOBLE-1 UNIV. (FRANCE). UNIT OF 
GEOLOGY. 
Isotopic Characterization of the Thermomineral 
Waters of the Franco-Italian Northern Alps 
(Caracterisation Isotopique des Eaux Thermo- 
minerales des Alpes du Nord Franco-Italiennes). 
W90-09952 2F 


Contributions of Isotope Analyses to Knowl- 
edge of the Origins of Groundwater in Alluvial 
Plains (Apports des Analyses Isotopiques a la 
Connaissance de l’Origine des Eaux Souterraines 
dans les Plaines Alluviales). 

W90-09973 2F 


GROENLANDS GEOLOGISKE 
UNDERSOEGELSE, COPENHAGEN 
(DENMARK). 

Glacier-Climate Research for Planning Hydro- 

power in Greenland. 

W90-10487 26 


GRONINGEN RIJKSUNIVERSITEIT 
(NETHERLANDS). DEPT. OF MARINE 
BIOLOGY. 
Effects of Changes in Turbidity and Phosphate 
Influx on the Ecosystem of the Ems Estuary as 
Obtained by a Computer Simulation Model. 
W90-09686 2L 


GROUND WATER GEOCHEMISTRY, 
HOUSTON, TX. 
Expert Systems to Support Geochemical Model- 
ing. 
W90-09872 7c 


GUELPH UNIV. (ONTARIO). DEPT. OF 
LAND RESOURCE SCIENCE. 
Biodegradation of a Gas Oil Applied to Aggre- 
gates of Different Sizes. 
W90-10189 5F 


GULF COAST RESEARCH AND EDUCATION 

CENTER, BRADENTON, FL. 
Nitrogen-Fertilization Rate and Soil Nitrate Dis- 
tribution for Microirrigated Sugarcane. 
W90-10255 5B 


HAMBURG UNIV. (GERMANY, F.R.). INST. 
FUER BIOCHEMIE UND 
LEBENSMITTELSCHEMIE. 
Patterns of Cyclic Organochlorine Contamina- 
tion in Livers of Male Pleuronectiformes from 
the North Sea, Winter 1987. 
W90-10243 5B 


HAMBURG UNIV. (GERMANY, F.R.). INST. 
FUER MEERSKUNDE. 
Long-Term Changes of the Annual Cycles of 
Meteorological, Hydrographic, Nutrient and 
Phytoplankton Time Series at Helgoland and at 
LV ELBE 1 in the German Bight. 
W90-10237 5C 


HART-CROWER ASSOCIATES, SEATTLE, 
WA. 
Nondispersive Description of Dispersion for 
Simulation of Solute Transport in a Large 
System. 
W90-10502 5B 


HARVARD UNIV., CAMBRIDGE, MA. 
New Approaches to Using Mathematical Pro- 
gramming for Resource Allocation. 
W90-10368 3F 


HARVARD UNIV., PETERSHAM, MA. 
HARVARD FOREST. 
Role of Ecosystem Development and Climate 
Change in Bog Formation in Central Sweden. 
W90-09611 2H 


HARYANA AGRICULTURAL UNIV., HISSAR 
(INDIA). DEPT. OF SOILS. 
Tolerance of Chloride and Sulphate Salinity in 
Chickpea (Cicer arietinum). 
W90-10331 3C 


HARZA/EBASCO, ANCHORAGE, AK. 
SUSITNA HYDROELECTRIC PROJECT. 
Survey of Experience in operating Hydroelec- 
tric Projects in Cold Regions. 
W90-10441 4A 


Hydrology and Hydraulic Studies For Licensing 
of the Susitna Hydroelectric Project. 
W90-10442 4A 


HARZA ENGINEERING CO., CHICAGO, IL. 
Reservoir Water Quality Simulation in Cold Re- 
gions. 

W90-10453 5A 


Water Quality of Abandoned Mine Runoff: A 
Case Study of Alaskan Sites. 
W90-10458 : 5B 


Forecasting the Effects on River Ice Due to the 
Proposed Susitna Hydroelectric Project. 
W90-10495 6G 





HAWAII UNIV. AT MANOA, HONOLULU, 
DEPT. OF CIVIL ENGINEERING. 
Principles and Design of Furrow Irrigation Sys- 


tems. 
W90-10121 3F 


HAWAII UNIV., HONOLULU, DEPT. OF 

AGRICULTURAL BIOCHEMISTRY. 
Degradation of Methomy] in Chlorinated Water. 
W90-10132 5B 


HAWAII UNIV., HONOLULU. DEPT. OF 
AGRONOMY AND SOIL SCIENCES. 
Interaction of Ca(H2PO4)2 Applied to an Oxisol 
and Previous Sludge Amendment: Soil and Crop 
Response. 
W90-09721 SE 


HAWAIIAN SUGAR PLANTERS’ 
ASSOCIATION, AIEA. EXPERIMENT 
STATION. 

Using Time-Domain Reflectometry to Measure 

Soil Water in Hawaiian Sugarcane. 

W90-09587 7B 


HEALTH AND WELFARE CANADA, 
OTTAWA (ONTARIO). 
Analysis of Polychlorodibenzo-p-Dioxins in 
Raw and Treated Waters. Part 2: Optimization 
of an XAD-2 Resin Column Methodology. 
W90-10276 


HEBREW UNIV. OF JERUSALEM, 
REHOVOTH (ISRAEL). FACULTY OF 
AGRICULTURE. 
Effect of Drip-Line Placement and Residue In- 
corporation on the Growth of Drip-Irrigated 
Cotton. 
W90-09750 3F 


HEIDELBERG UNIV. (GERMANY, F.R.). 
INST. FUER UMWELTPHYSIK. 
Field Study on the Initial C-14 Content as a 
Limiting Factor in C-14 Groundwater Dating. 
W90-09955 2F 


Groundwater Evaporation from East-Saharian 
Depressions by Means of Deuterium and 
Oxygen-18 in Soil Moisture. 

W90-09961 2D 


HELSINKI UNIV. (FINLAND). DEPT. OF 
ENVIRONMENTAL CONSERVATION, 
Effects of Tri-n-butylin Chloride (TBTC) on the 
Early Life Stages of Perch (Perca fluviatilis L.) 
in Brackish Water. 
W90-09765 5C 


HOKKAIDO UNIV., SAPPORO (JAPAN). 

INST. OF LOW TEMPERATURE SCIENCE. 
Water Balance and Runoff Analysis at a Small 
Watershed During the Snow-Melting Season. 
W90-10467 2C 


Estimations of Snowmelting Rate in a Small 
Experimental Site. 
W90-10468 2C 


HOWARD UNIV., WASHINGTON, DC. DEPT. 
OF CIVIL ENGINEERING. 
Chemical, Physical, and Biological Treatment of 
Hazardous Waste. 
W90-09830 5D 


HYDROLOGICAL RESEARCH INST., 
PRETORIA (SOUTH AFRICA). 
Landsat and Limnologically Derived Water 
Quality Data: A Perspective. 
W90-09726 7B 


Automated Determination of Nitrate in Water. 
W90-09755 5A 


Groundwater Dynamics Influenced by Irriga- 
tion and Associated Problems of River Salina- 
tion; Breede River, Western Cape Province, 
R.S.A. 

W90-10517 5B 


ORGANIZATIONAL INDEX 


INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE, CHALONS-SUR-MARNE 


IDAHO NATIONAL ENGINEERING LAB., 
IDAHO FALLS. 
Representative Elements: A Step to Large-Scale 
Fracture System Simulation. 
W90-10415 2F 
ILLINOIS INST. OF TECH., CHICAGO. 
DEPT. OF ENVIRONMENTAL 
ENGINEERING. 
High-Rate Coliform Disinfection of Stormwater 
Overflow. 
W90-10317 5D 


ILLINOIS STATE WATER SURVEY DIV., 
CHAMPAIGN. AQUATIC CHEMISTRY 
SECTION. 

Uncertainties in Ground Water Chemistry and 

Sampling Procedures. 

W90-09870 5A 


Copper Complexation by Natural Organic 
Matter in Ground Water. 
W90-09885 2K 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 
Large-Scale Irrigation and Drainage Schemes in 
Pakistan. 

W90-10363 3C 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 

DEPT. OF AGRICULTURAL ECONOMICS. 
Improvement of Lake Water Quality by Paying 
Farmers to Abate Nonpoint Source Pollution. 
W90-09555 5G 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 

DEPT. OF AGRICULTURAL ENGINEERING. 
Hydrology and Sedimentology Modelling on Il- 
linois Agricultural Watersheds. 
553 6A 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 
DEPT. OF CIVIL ENGINEERING. 
Incorporation of Uncertainties in Real-Time 
Catchment Flood Forecasting. 
W90-09554 2E 


Management and Development of Aquatic Habi- 
tat in Agricultural Drainage Systems. 
W90-09556 6G 
In Situ Bioreclamation of Contaminated 
Groundwater. 

W90-09557 5G 


Removal Mechanisms for Particulate and Solu- 
ble BOD in Soil Infiltration. 
W90-09916 5D 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 
DEPT. OF HORTICULTURE. 
Water Requirement for Corn Root Expansion 
Growth. 
W90-09722 3F 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 
NEWMARK CIVIL ENGINEERING LAB. 
Methods for Distinguishing Between Single and 
Multiple Discharger Situations. 
W90-09668 5B 


ILLINOIS UNIV. AT URBANA-CHAMPAIGN. 
WATER RESOURCES CENTER. 
Fiscal Year 1988 Program Report (Illinois Water 
Resources Center). 
W90-09559 9D 


ILLINOIS UNIV., URBANA. DEPT. OF 
AGRONOMY. 
Water Deficit Development in Old and New 
Soybean Cultivars. 
W90-09586 3F 


ILLINOIS UNIV., URBANA. DEPT. OF CIVIL 
ENGINEERING. 
Application of the Random Walk Method to 
Simulate the Transport of Kinetically Adsorbing 
Solutes. 
W90-10505 5B 


IMATRAN VOIMA OY, HELSINKI 
(FINLAND). 
Effects of the Power Plant Cooling Water on 
the Temperature and Oxygen Conditions of 
Lake Haapajarvi in Winter (Voimalan Jaahdy- 
tysvesien Vaikutus Haapajarven Lampotila-Ja 
Happioloihin Talvella). 
W90-10051 5C 


IMPERIAL CHEMICAL INDUSTRIES LTD., 
BRIXHAM (ENGLAND). BRIXHAM LAB. 
Nature of Outflows from the North-East Estu- 
aries. 
W90-09683 2L 


Long-Term Studies of the Benthic Biology of 
Tees Bay and the Tees Estuary. 
W90-09688 5G 


IN-SITU, INC., LAKEWOOD, CO. 
Streamflow Water-Quality Node-Streamflow 
Model for Assessing Mining-Related Impacts. 
W90-10088 5B 


INDIAN INST. OF SCIENCE, BANGALORE. 
DEPT. OF CIVIL ENGINEERING. 
Analysis of an Aquifer-Water Table Aquitard 
System. 
W90-09799 2F 


INGENIEURSBUREAU ORANJEWOUD B.V., 
HEERENVEEN (NETHERLANDS). 
Effects of Tide Range Alterations on Salt Marsh 
Sediments in the Eastern Scheldt, S. W. Nether- 
lands. 
W90-09684 4C 


INLAND WATERS DIRECTORATE, 
VANCOUVER (BRITISH COLUMBIA). 
WATER QUALITY BRANCH. 

Water Quality-Discharge Relationships in the 

Yukon River Basin, Canada. 

W90-10451 2E 


INSINOORI- JA LIMNOLOGITOIMISTO OY 
VESITEKNIIKKA A.B., SALPAKANGAS 
(FINLAND). 
Chemical Precipitation of Leachate from Sani- 
tary Landfills at Municipal Sewage Treatment 
Plants. 
W90-09766 5D 


INSTITUT DE BIOGEOCHIMIE MARINE, 
MONTROUGE (FRANCE). 
Stable Oxygen Isotope Distribution in the 
Huanghe (Yellow River) and the Changjiang 
(Yangtze River) Estuarine Systems. 
W90-10238 2L 


INSTITUT DE RECHERCHES 
AGRONOMIQUES TROPICALES ET DES 
CULTURES VIVRIERES, ST.-DENIS 
(REUNION). 
Tropicalisation of Automatic Weather Stations 
and Initial Results for Improved Irrigation 
Water Management in Reunion Island. 
W90-09571 3F 


INSTITUT NATIONAL DE LA RECHERCHE 
AGRONOMIQUE, CHALONS-SUR-MARNE 
(FRANCE). STATION D’AGRONOMIE. 
Water Movements in the Unsaturated Zone and 
Recharge of the Aquifer in the Champagne 
Chalk (France): Isotopic and Chemical Ap- 
proaches Mouvements de I’Eau dans la Zone 
Non Saturee et Alimentation de la Nappe de la 
Craie de Champagne (France). 
W90-09972 2F 





ORGANIZATIONAL INDEX 


INSTITUT RUDJER BOSKOVIC, ROVINJ (YUGOSLAVIA). CENTAR ZA ISTRAZIVANJE 


INSTITUT RUDJER BOSKOVIC, ROVINJ 
(YUGOSLAVIA). CENTAR ZA ISTRAZIVANJE 
MORA. 
Application of the SOS umu-Test in Detection 
of Pollution Using Fish Liver S9 Fraction. 
W90-10222 


INSTITUTE OF GEOLOGICAL SCIENCES, 
WALLINGFORD (ENGLAND). 
HYDROGEOLOGY UNIT. 
Distribution of Agricultural Soil Leachates in 
the Unsaturated Zone of the British Chalk. 
W90-10399 5B 


INSTITUTE OF HYDROLOGY, 
WALLINGFORD (ENGLAND). 
Importance of Irrigation Regime, Dripline 
Placement and Row Spacing in the Drip Irriga- 
tion of Sugar Cane. 
W90-09567 3F 


Plant-Water Relations of Sugar-Cane (Sac- 
charum officinarum L.) Under a Range of Irri- 
gated Treatments. 

W90-09568 21 


Soil Water Status: A Concept for Characterising 
Soil Water Conditions Beneath a Drip Irrigated 
Row Crop. 

W90-09574 3F 


Control of Drip Irrigation of Sugarcane Using 
‘Index’ Tensiometers: Some Comparisons with 
Control by the Water Budget Method. 

W90-09575 3F 


Soil Water Balance and Dry Matter Production 
Model: I. Soil Water Balance of Oat. 
W90-09588 2G 


INSTITUTE OF PHYSICS AND NUCLEAR 

TECHNIQUES, KRAKOW (POLAND). 
Deuterium Content of European Paleowaters as 
Inferred from Isotopic Composition of Fluid In- 
clusions Trapped in Carbonate Cave Deposits. 
W90-09984 2A 


INSTITUTO BOTANICO, LISBON 
(PORTUGAL). 

Polders. 

W90-09996 


INSTITUTO DE CIENCIAS DEL MAR, 
BARCELONA (SPAIN). 
Phytoplankton of the Ebro Delta Bays (Fito- 


plancton de las bahias del delta del Ebro). 
W90-09742 


INSTITUTO DE CIENCIAS MARINAS, 
ANDALUCIA (SPAIN). 
Phytoplankton and Hydrography of the Bay of 
Cadiz, from January 1984 to December 1985 
(Fitoplancton e hidrografia de la bahia d Cadiz: 
Enero de 1984 a diciembere de 1985). 
W90-09741 5B 


Spatial and Temporal Variation of Organic 
Matter Content in Sediments from Salt-Ponds 
Near the Bay of Cadiz (Evolucion espacial y 
temporal de la concentracion de materia organ- 
ica en los sedimentos de esteros de la bahia de 
Cadiz). 

W90-09743 sxc 


INSTITUTO DE GEOCRONOLOGIA Y 
GEOLOGIA ISOTOPICA, BUENOS AIRES 
(ARGENTINA). 
Isotopic Evidence for the Different Origins of 
the Tulum Valley Groundwaters (San Juan, Ar- 
gentina). 
W90-09967 2F 


INSTITUTO DE PESQUISAS ESPACIAIS, SAO 
JOSE DOS CAMPOS (BRAZIL). 
Elements in the Precipitation of S. Paulo City 
(Brazil). 
W90-10325 5B 


OR-12 


INSTITUTO NACIONAL DE RECURSOS 
HIDRAULICOS, SANTO DOMINGO 
(DOMINICAN REPUBLIC). 
Isotopic and Hydrogeological Studies in the 
Southwest of the Dominican Republic (Estudios 
Isotopico e Hidrogeologico en el Suroeste de la 
Republica Dominicana). 
W90-09969 4B 


INSTITUTO VENEZOLANO DE 
INVESTIGACIONES CIENTIFICAS, 
CARACAS. CENTRO DE ECOLOGIA Y 
CIENCIAS AMBIENTALES. 

Particulate Organic Matter in the Orinoco 

River: A Pristine Example. 

W90-09649 2H 


INSTITUTUL DE METEOROLOGIE SI 

HIDROLOGIE, BUCHAREST (ROMANIA). 
Isotopic Research on the Groundwaters in the 
Calcareous Formations in Southern Dobruja 
(Romania) (Recherches Isotopiques sur les Eaux 
Souterraines des Formations Calcaires dans la 
Dobroudja Meridionale (Roumanie)). 
W90-09976 2F 


INTERA TECHNOLOGIES, INC., AUSTIN, TX. 
Evaluating the Effect of Sampling and Spatial 
Correlation on Ground-Water Travel Time Un- 
certainty Coupling Geostatistical, Stochastic, 
and First Order, Second Moment Methods. 
W90-10428 2F 


INTERNATIONAL ASSOCIATION ON 
WATER POLLUTION RESEARCH AND 
CONTROL, COVENTRY (ENGLAND). 
Practical River Basin Management Methods. 
W90-09770 6A 


INTERNATIONAL ATOMIC ENERGY 
AGENCY, VIENNA (AUSTRIA). 
Isotopic Investigation of Groundwater in the 
Cul-de-Sac Plain, Haiti. 
W90-09979 2F 


INTERNATIONAL BANK FOR 
RECONSTRUCTION AND DEVELOPMENT, 
WASHINGTON, DC. AGRICULTURAL AND 
RURAL DEVELOPMENT DEPT. 
Efficient Use of Surface Water and Groundwat- 
er in Irrigation: An Overview of the Issues. 
W90-10359 3F 


Modeling Efficient Conjunctive Use of Water in 
the Indus Basin. 
W90-10369 3F 


INTERNATIONAL CENTER FOR 
AGRICULTURAL RESEARCH IN THE DRY 
AREAS. 
Opportunities for Productive Use of Rainfall 
Normally Lost to Cropping for Temporal or 
Spatial Reasons. 
W90-09821 3F 


INTERNATIONAL CROPS RESEARCH INST. 
FOR THE SEMI-ARID TROPICS, 
PATANCHERU (INDIA). 

Modified Contour Bunding System for Alfisols 

of the Semi-Arid Tropics. 

W90-09703 3F 


INTERNATIONAL FERTILIZER 
DEVELOPMENT CENTER, MUSCLE 
SHOALS, AL. WEST AFRICA DIV. 

Plant Density and Nitrogen Fertilizer on Pearl 

Millet Production in Niger. 

W90-09718 3F 


INTERNATIONAL INST. FOR APPLIED 
SYSTEMS ANALYSIS, LAXENBURG 
(AUSTRIA). 

Climate-Induced Water Availability Changes in 

Europe. 

W90-09727 6D 


INTERNATIONAL RICE RESEARCH INST., 
LOS BANOS, LAGUNA (PHILIPPINES). 
DEPT. OF AGRICULTURAL ECONOMICS, 


Impact of Varying Water Supply on Input Use 
and Yields of Tank-Irrigated Rice. 
W90-09653 3F 


INTERNATIONAL RICE RESEARCH INST., 
LOS BANOS, LAGUNA (PHILIPPINES). 
WATER MANAGEMENT DEPT. 


PUMPMOD: A Simulation Model for Multi- 
pump Rice Irrigation Systems. 
W90-09652 3F 


Simulation Model Use for Analyzing Decision 
Variables in Multipump Rice Irrigation System 
Operation. 

W90-10160 3F 


Hydrological Analysis of Farm Reservoirs in 
Rainfed Rice Areas. 
W90-10161 3B 


INTERNATIONAL TECHNOLOGY CORP., 
KNOXVILLE, TN. 
Enhanced Microbial Degradation of Styrene in 
Shallow Soils and Ground Water. 
W90-10523 5G 


INUVIK RESEARCH CENTRE (NORTHWEST 


TERRITORIES). 


Development and Use of ‘Hot-Wire’ and Con- 
ductivity Type Ice Measurement Gauges For 
Determination of Ice Thickness in Arctic 
Rivers. 

W90-10447 7B 


INYONI YAMI SWAZILAND IRRIGATION 
SCHEME, P.O. BOX 1, TSHANENI, 
SWAZILAND. 

Tolerance of Sugarcane to Water Stress During 

Its Main Development Phases. 

W90-09569 3F 


IOWA STATE WATER RESOURCES 
RESEARCH INST., AMES. 
Fiscal Year 1988 Program Report (Iowa State 
Water Resources Research Institute). 
W90-09549 9D 


IOWA UNIV., IOWA CITY. DEPT. OF CIVIL 

AND ENVIRONMENTAL ENGINEERING. 
Improved Hydrologic Forecasting--Results from 
a WMO Real-Time Forecasting Experiment. 
W90-09792 2E 


Evidence of Deterministic Chaos in the Pulse of 
Storm Rainfall. 
W90-09802 2B 


IOWA UNIV., IOWA CITY. DEPT. OF 
GEOGRAPHY. 
Woody Debris, Sediment, and Riparian Vegeta- 
tion of a Subalpine River, Montana, U.S.A. 
W90- 10264 2J 


JAGIELLONIAN UNIV., KRAKOW (POLAND). 
INST. OF ENVIRONMENTAL BIOLOGY. 
Preliminary Report on the Stoneflies (Plecop- 
tera) Inhabiting Main Watercourses in the Gorce 
Mts (Southern Poland). 
W90-09680 2H 


JAMES COOK UNIV. OF NORTH 
QUEENSLAND, TOWNSVILLE (AUSTRALIA). 
CENTRE FOR TROPICAL FRESHWATER 
RESEARCH. 

Interpretation of Pump-Test Data from a Dis- 

used Underground Mine. 

W90-09796 2F 





JEFFERSON COUNTY HEALTH UNIT, PINE 
BLUFF, AR. 
Experimental Groundwater Draw Down Using 
a Curtain Drain on a Henry Soil in Jefferson 
County, Arkansas. 
W90-09942 5D 


JONES AND ASSOCIATES, HELENA, MT. 
Permitting a Gold Placer Mine Within the Cap- 
ital City of Montana, Processes and Problems. 
W90-10078 5G 


Ground Water Monitoring and Remediation at a 
Tailings Impoundment in Northwest Montana. 
W90-10102 5G 


KALEYA SMALL HOLDERS CO. LTD., 
MAZABUKA (ZAMBIA). 
Problems of Running an Efficient Irrigation 
System on a Small Holder Project. 
W90-09583 


3F 


KANSAS UNIV., LAWRENCE, CENTER FOR 
RESEARCH. 
Method for Measuring Snow Depth Using Fine- 
Resolution Radars. 
W90-10307 2C 


KARLSRUHE UNIV. (GERMANY, F.R.). INST. 
FUER WASSERBAU UND KULTURTECHNIK, 
VERSUCHSANSTALT FUER WASSERBAU - 
THEODOR-REHBOCK-LAB. 

Water Power Development: Low-Head Hydro- 

power Utilization. 

'W90-09993 8B 


KENTUCKY UNIV., LEXINGTON. 
Market Failure and the Efficiency of Irrigated 
Agriculture. 
W90-10360 3F 


KENTUCKY UNIV., LEXINGTON. DEPT. OF 
CIVIL ENGINEERING. 
Anaerobic Biodegradability and Toxicity of Hy- 
drogen Peroxide Oxidation Products of Phenols. 
W90-10310 5D 


KERNFORSCHUNGSZENTRUM KARLSRUHE 
G.M.B.H. (GERMANY, F.R.). INST. FUER 
HEISSE CHEMIE. 

Quantitative Analysis of Volatile Organic Com- 

pounds in Landfill Leachates. 

W90-10272 5A 


KEURINGSINSTITUUT VOOR 
WATERLEIDINGARTIKELEN, RIJSWIJK 
(NETHERLANDS). 
Effects of Manure Spreading and Acid Deposi- 
tion upon Groundwater Quality at Vierlings- 
beek, The Netherlands. 
W90-10519 5G 


KHARTOUM UNIV. (SUDAN). 
Arid Lands: Evapotranspiration Under Extreme- 
ly Arid Climates. 
Ww90-10114 2D 


KIEL UNIV. (GERMANY, F.R.). 
GEOLOGISCH-PALAEONTOLOGISCHES 
INST. UND MUSEUM. 

Factors of Bacteria and Virus Transport in 

Groundwater. 

W90-10402 5B 


KING SAUD UNIV., RIYADH (SAUDI 
ARABIA). DEPT. OF SOIL SCIENCE. 
Impact of a Gel Conditioner and Water Quality 
upon Soil Infiltration. 
W90-09782 3F 


KINNERET LIMNOLOGICAL LAB., 
TIBERIAS (ISRAEL). 
Influence of Environmental Factors on Nitrate 
Reductase Activity in Freshwater Phytoplank- 
ton. 
W90-09730 2H 
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LOUISIANA STATE UNIV., BATON ROUGE. DEPT. OF AGRONOMY. 


High Performance Liquid Chromatography De- 
tection of Phototrophic Bacterial Pigments in 
Aquatic Environments. 

W90-10301 2H 


KNOX COUNTY HIGHWAY DEPT., 
KNOXVILLE, TN. DIV. OF ENGINEERING 
AND HYDROLOGY. 

Comparison of Parallel and Serial Distribution 

of Septic Tank Effluent. 

W90-09931 5D 


KOCHI UNIV. (JAPAN). FACULTY OF 
AGRICULTURE. 
Growth Characteristics of Plagioselmis sp. 
(strain 87) Causing Freshwater Red Tide in the 
Lower Part of the Nakasuji River, Japan (in 
Japanese). 
W90-10304 2H 


KUMAUN UNIV., NAINI TAL (INDIA). DEPT. 
OF BOTANY. 
Seasonal Fluctuation in Species Composition of 
Aquatic Hyphomycetous Flora in a Temperate 
Freshwater Stream of Central Himalaya, India. 
'W90-09619 2H 


KYOTO UNIV., OTSU (JAPAN). OTSU 
HYDROBIOLOGICAL STATION. 
Carbon- and Nitrogen-to-Volume Ratios of Bac- 
terioplankton Grown under Different Nutrition- 
al Conditions. 
W90-09629 2H 


LABORATOIRE DE GLACIOLOGIE ET 
GEOPHYSIQUE DE L’ENVIRONNEMENT, 
SAINT-MARTIN D’HERES (FRANCE). 

Origins and Variations of Nitrate in South Polar 

Precipitation. 

W90-09790 2A 


LABORATORIUM VOOR 
GRONDMECHANICA, DELFT 
(NETHERLANDS). 
Methodology to Predict the Migration of Con- 
taminants by Using Transport Models Together 
with Geochemical Speciation. 
W90-10508 5B 


LAKEHEAD UNIV., THUNDER BAY 
(ONTARIO). SCHOOL OF ENGINEERING. 
Real-Time Reservoir Operations by Mathemati- 
cal Programming. 
W90-10107 7B 


LAMONT-DOHERTY GEOLOGICAL 
OBSERVATORY, PALISADES, NY. 
Evaporative Enrichment of Deuterium and O-18 
in Arid Zone Irrigation. 
W90-09964 2F 


Initiation of Spring Snowmelt Over Arctic 
Lands. 
W90-10494 2C 


LAWRENCE BERKELEY LAB., CA. 
Solubilities of Aluminum Hydroxides and Oxy- 
hydroxides in Alkaline Solutions. 
W90-09878 2K 


LAWRENCE BERKELEY LAB., CA. EARTH 
SCIENCES DIV. 
Coupling of Precipitation-Dissolution Reactions 
to Mass Diffusion via Porosity Changes. 
W90-09864 2K 


Effect of Nitrate and Organic Matter Upon Mo- 
bility of Selenium in Groundwater and in a 
Water Treatment Process. 

W90-10201 5B 


Equivalent Permeability of Statistically Simulat- 
ed Singie Fractures. 
W90-10426 2F 


LAWRENCE LIVERMORE NATIONAL LAB., 
CA. 
Activity Coefficients in Aqueous Salt Solutions: 
Hydration Theory Equations. 
W90-09848 2K 


Current Status of the EQ3/6 Software Package 
for Geochemical Modeling. 
W90-09854 2K 


LEE COUNTY HYACINTH CONTROL 
DISTRICT, FORT MYERS, FL. 
Aquatic Weed Management in Urban and Agri- 
cultural Canals Using Triploid Grass Carp. 
W90-10027 4A 


LEEDS UNIV. (ENGLAND). SCHOOL OF 
GEOGRAPHY. 
Models of Sediment Transport in Natural 
Streams. 
W90-10342 2 


LINCOLN UNIV., JEFFERSON CITY, MO. 
COOPERATIVE RESEARCH PROGRAM. 
Nitrogen Fixation of Soybean and Alfalfa on 
Sewage Sludge-Amended Soils. 
W90-09610 SE 


LINKOEPING UNIV. (SWEDEN). DEPT. OF 
WATER AND ENVIRONMENTAL 
RESEARCH. 

River Transport of Phosphorus as Controlled by 

Large Scale Land Use Changes. 

W90-10159 4C 


LOGICA LTD., COBHAM (ENGLAND). 
Computer Simulation in Geomorphology. 
W90-10348 


LOMBARDO AND ASSOCIATES, INC., 
ANNAPOLIS, MD. 
Determination of a Site’s Hydraulic Capacity. 
W90-09944 5E 


LOMBARDO AND ASSOCIATES, INC., 
BOSTON, MA. 
On-Site Management Within a Utility Frame- 
work. 
W90-099 12 5D 


Woodstock, NY On-Site Wastewater Manage- 
ment Project. 
W90-09914 5D 


LONRHO PLC, LONDON (ENGLAND). 
Drag Line Irrigation: Practical Experiences with 
Sugar Cane. 
W90-09563 3F 


LOS ALAMOS NATIONAL LAB., NM. 
Modeling Dynamic Hydrothermal Processes by 
Coupling Sulfur Isotope Distributions With 
Chemical Mass Transfer: Approach. 

W90-09863 2K 


LOS ALAMOS NATIONAL LAB., NM. 
ENVIRONMENTAL SCIENCE GROUP. 
Water Balance Study of Two Landfill Cover 
Designs for Semiarid Regions. 
W90-10191 SE 


LOUGHBOROUGH UNIV. OF TECHNOLOGY 
(ENGLAND). DEPT. OF GEOGRAPHY. 
Perspectives for the Ecological Management of 
Regulated Rivers. 
W90-09998 4A 


LOUISIANA STATE UNIV., BATON ROUGE. 
DEPT. OF AGRONOMY. 
Modeling Nitrogen Behavior in the Soil Profile. 
W90-10403 5B 
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LOUISIANA STATE UNIV., BATON ROUGE. DEPT. OF CHEMICAL ENGINEERING. 


LOUISIANA STATE UNIV., BATON ROUGE. 
DEPT. OF CHEMICAL ENGINEERING. 
Equilibrium Model for Organic Materials in 
Water. 
W90-09883 2K 


LOUISIANA STATE UNIV., BATON ROUGE. 
DEPT. OF CIVIL ENGINEERING. 
Stochastic Models of Sediment Yield. 
W90-10343 


LOUISIANA STATE UNIV., BATON ROUGE. 
DEPT. OF FOOD SCIENCE. 
Effect of Environs and Seasonality on Metal 
Residues in Tissues of Wild and Pond-raised 
Crayfish in Southern Louisiana. 
W90-09598 5B 


LOUISIANA TECH UNIV., RUSTON. DEPT. 
OF CIVIL ENGINEERING. 
Analysis of Ground Water Recharge Solutions 
for On-Site Disposal Systems. 
W90-09940 


SE 


LUND UNIV. (SWEDEN). DEPT. OF MARINE 
ECOLOGY. 
Effects of River Water of Different Origin on 
the Growth of Marine Dinoflagellates and Dia- 
toms in Laboratory Cultures. 
W90-09745 2L 


MAATALOUDEN TUTKIMUSKESKUS, 
JOKIOINEN (FINLAND). INST. OF CROP 
AND SOIL SCIENCE. 
Effect of Storage and Sulphuric Acid Addition 
on Analytical Results of Nitrogen and Phospho- 
rus in Water Samples Containing Eroded Mate- 
rial. 
W90-09763 5A 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 1. Characteristics of Ca, 
Al and Fe Precipitated Sewage Sludges. 

W90-10156 5D 


Effects of Phosphorus Precipitation Chemicals 
on Characteristics and Agricultural Value of 
Municipal Sewage Sludges: 2. Effect of Sewage 
Sludges on Yield, Element Contents and Uptake 
by Spring Barley (Hordeum vulgare, L). 

W90-10157 5D 


Effect of Phosphorus Precipitation Chemicals on 
Characteristics and Agricultural Value of Mu- 
nicipal Sewage Sludges: 3. Analytical Results of 
Sludge Treated Soils. 

W90-10158 3C 


MACKAY SCHOOL OF MINES, RENO, NV. 
DEPT. OF CHEMICAL AND 
METALLURGICAL ENGINEERING. 

Reaction of Calcite with Dilute Fluoride Solu- 

tions. 

W90-10097 5D 


MAINE DEPT. OF HUMAN SERVICES, 
AUGUSTA. 
Numerical Classification System to Determine 
Overall Site Suitability for Subsurface 
Wastewater Disposal. 
W90-09947 SE 


MAINE UNIV. AT ORONO. DEPT. OF 
GEOLOGICAL SCIENCES. 
Time-Series Analysis of Mass Balance and Local 
Climatic Records from Four Northwestern 
North American Glaciers. 
W90-10386 2C 


MAINE UNIV. AT ORONO. 
ENVIRONMENTAL STUDIES CENTER. 
Fiscal Year 1988 Program Report (Maine Envi- 
ronmental Studies Center). 
W90-09521 9D 
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MAINZ UNIV. (GERMANY, F.R.). INST. OF 
METEOROLOGIE,. 
Laboratory Study of the Efficiency with Which 
Aerosol Particles Are Scavenged by Snow 
Flakes. 
W90-10166 2C 


MAINZ UNIV. (GERMANY, F.R.). 
METEOROLOGICAL INST. 
Theoretical Study of the Wet Removal of At- 
mospheric Pollutants. Part IV: The Uptake and 
Redistribution of Aerosol Particles through Nu- 
cleation and Impaction Scavenging by Growing 
Cloud Drops and Ice Particles. ps 


Scavenging of Atmospheric Pollutants by 
Clouds and Precipitation by Means of a Vertical 
Wind Tunnel. Phase 1 (Auswaschen von Atmos- 
pharischen Spurenstoffen durch Wolken und 
Niederschlag mittels eines Vertikalen Windkan- 
als). 

W90- 10062 2K 


MANCHESTER UNIV. (ENGLAND). DEPT. OF 

CIVIL ENGINEERING. 
Interface Between Estuaries and Seas. 
995 2L 


MANCHESTER UNIV, (ENGLAND). DEPT. OF 
GEOGRAPHY. 

Restrictions on Hillslope Modelling. 

W90-10347 2J 


MARYLAND UNIV., COLLEGE PARK. DEPT. 
OF AGRONOMY. 
Nitrate Groundwater Standard for the 1990 
Farm Bill. 
W90-10231 5G 


MASSACHUSETTS INST. OF TECH., 
CAMBRIDGE. DEPT. OF CIVIL 
ENGINEERING. 
Improving the Efficiency of Monte Carlo Simu- 
lation for Groundwater Transport Models. 
W90-10412 5B 
MASSACHUSETTS INST. OF TECH., 
CAMBRIDGE. RALPH M. PARSONS LAB. 
Hydrothermal Modeling of Reservoirs in Cold 
Regions: Status and Research Needs. 
W90-10439 2H 


MASSACHUSETTS UNIV., AMHERST. DEPT. 
OF CIVIL ENGINEERING. 


Analyzing Water Main Replacement Policies. 
W90-09670 5F 


Determination of Total Organic Halide in 
Water: A Comparative Study of Two Instru- 
ments. 

W90-10274 SA 


MASSEY UNIV., PALMERSTON NORTH 
(NEW ZEALAND). 
Anaerobic Digestion of Crops and Farm Wastes 
in the United Kingdom. 
W90-09609 SE 


MAX-PLANCK-INST. FUER LIMNOLOGIE 
ZU PLOEN (GERMANY, F.R.). 
Food Thresholds in Daphnia Species in the Ab- 
sence and Presence of Blue-Green Filaments. 
W90-09614 2H 


MCGILL UNIV., MONTREAL (QUEBEC). 
DEPT. OF METEOROLOGY. 
Numerical Simulation of the Chemistry of a 
Rainband. 
W90-10167 2K 


MCVEHIL-MONNET ASSOCIATES, INC., 
ENGLEWOOD, CO. 
Model Estimates of Provincial Scale Atmos- 
pheric Sulphur Dioxide (SO2) and Oxides of 
Nitrogen (NOx) in Alberta. 
355 


W90-10: 5B 


MEDITERRANEAN AGRONOMIC INST. OF 
ZARAGOZA (SPAIN). 
Environmental Consequences of Salts Exports 
from an Irrigated Landscape in the Ebro River 
Basin, Spain. 
W90-097 14 5B 


METALLURGICAL AND ENGINEERING 

CONSULTANTS (INDIA) LTD., RANCHI. 

ENVIRONMENTAL ENGINEERING DIV. 
Heavy Metal Removal with Lignin. 
W90-10182 


METCALF AND EDDY, INC., SANTA 
BARBARA, CA. 

Soil Core Monitoring. 

W90-09843 


Soil Pore-Liquid Monitoring. 
W90-09844 5A 


METEOROLOGICAL OFFICE, BRACKNELL 
(ENGLAND). 
Deposition of Chernobyl Caesium-137 in Heavy 
Rain and Its Persistent Uptake by Grazing 
Sheep. 
W90-09708 5B 


METEOROLOGICAL SERVICE, 
WELLINGTON (NEW ZEALAND). 
Daily Observations: Necessity, Ritual or Imposi- 
tion. 
W90-10294 TA 


MIAMI UNIV., OXFORD, OH. DEPT. OF 
ZOOLOGY. 
Humic Acids Reduce the Photo-Induced Toxici- 
ty of Anthracene to Fish and Daphnia. 
W90-10137 5B 


MICHIGAN STATE UNIV., EAST LANSING. 

DEPT. OF AGRICULTURAL ECONOMICS. 
Farmers’ Response to a Filter Strip Program: 
Results from a Contingent Valuation Survey. 
W90-10232 5G 


MICHIGAN STATE UNIV., EAST LANSING. 
DEPT. OF CROP AND SOIL SCIENCES. 
Irrigation System for Plots Under a Rain Shel- 
ter. 
W90-10165 3F 


MICHIGAN TECHNOLOGICAL UNIV., 
HOUGHTON. DEPT. OF CIVIL 
ENGINEERING. 

Vaporizing VOCs. 

W90-10213 


Discharge Under an Ice Cover. 
W90- 10464 


MINISTRY OF AGRICULTURE, HAIFA 
(ISRAEL). HYDROLOGICAL SERVICE. 
Snowmelt of Mt. Hermon and Its Contribution 
to the Sources of the Jordan River. 
W90-09791 2A 


MINISTRY OF TRANSPORT AND PUBLIC 
WORKS, MIDDELBURG (NETHERLANDS). 
TIDAL WATERS DIV. 
Phytoplankton Primary Production and Nutri- 
ents in the Oosterschelde (The Netherlands) 
During the Pre-Barrier Period 1980-1984. 
W90-09694 2L 


Average Annual Growth and Condition of Mus- 
sels as a Function of Food Source. 
W90-09695 2. 





MINISTRY OF TRANSPORT AND PUBLIC 
WORKS, THE HAGUE (NETHERLANDS). 
TIDAL WATERS DIV. 
Flora and Fauna of the Sublittoral Hard Sub- 
strata in the Oosterschelde (The Netherlands)-- 
Interactions with the North Sea and the Influ- 
ence of a Storm Surge Barrier. 
W90-09696 2L 


MINISTRY OF WATER RESOURCES AND 
ELECTRIC POWER, BEIJING (CHINA). 
Development of Groundwater for Agriculture 
in the Lower Yellow River Alluvial Basin. 
W90-10364 3F 
Efficient Conjunctive Use of Surface and 
Groundwater in the People’s Victory Canal. 
W90-10365 3F 


MINISTRY OF WORKS AND 
DEVELOPMENT, CHRISTCHURCH (NEW 
ZEALAND). WATER AND SOIL SCIENCE 
CENTRE. 


Elevated Levels of Nitrate in Ground Water 
Beneath Intensively Grazed Pastureland in New 
Zealand. 

W90-10398 5B 


MINISTRY OF WORKS AND 

DEVELOPMENT, HAMILTON (NEW 

ZEALAND). WATER QUALITY CENTRE. 
Modeling Organic Pollution of Streams. 
W90-10126 5B 


MINNESOTA POLLUTION CONTROL 
AGENCY, ROSEVILLE. 
Predicting The Groundwater Flow Field Under 
Large Soil Absorption Systems Using a Simple 
Two-Dimensional, Analytical Model. 
W90-09941 2F 


MINNESOTA UNIV., ST. PAUL. DEPT. OF 
AGRICULTURAL ENGINEERING. 
Evaluation of the NTRM Model for Land Ap- 
plication of Septage. 
'90-09921 5E 


Flow Distribution by Gravity Flow in Perforat- 
ed Pipe. 
W90-09933 5D 


Hydraulic Properties of Soils as Affected by 
Surface Application of Septage. 
W90-09946 SE 


MINNESOTA UNIV., ST. PAUL. DEPT. OF 
SOIL SCIENCE. 
Establishment of State Rules for Land Applica- 
tion and Utilization of Septage. 
W90-09917 6E 


Ammonia Volatilization from Urea as Influ- 
enced by Soil Temperature, Soil Water Content, 
and Nitrification and Hydrolysis Inhibitors. 

W90-10256 5B 


MISSOURI UNIV.-COLUMBIA. DEPT. OF 
AGRICULTURAL ENGINEERING, 
Design, Installation, and Operation of a Low- 
Pressure Pipe Sewage Absorption System in the 
Missouri Claypan Soil. 
W90-09922 5D 


MLB MEDICAL COLLEGE, JHANSI, 284 128, 
INDIA. 
Measurement of the Personal Cost of Illness Due 
to Some Major Water-related Diseases in an 
Indian Rural Population. 
W90-09740 5C 


MOHAMED-1 UNIV., OUJDA (MOROCCO), 
DEPT. DE BIOLOGIE. 
Dynamics of Aquatic Hyphomycetes in an East- 
ern Moroccan Stream. 
W90-10259 2H 


ORGANIZATIONAL INDEX 


NATIONAL IRRIGATION BOARD, NAIROBI (KENYA). 


MONTANA STATE UNIV., BOZEMAN. DEPT. 
OF CIVIL ENGINEERING. 
Water Management Using Interactive Computer 
Simulation. 
W90-10106 7B 


MONTANA STATE UNIV., BOZEMAN. 
WATER RESOURCES RESEARCH CENTER. 
Fiscal Year 1988 Report (Montana Water Re- 
sources Center). 
'W90-09517 9D 


MONTANA UNIV., MISSOULA. DEPT. OF 
GEOLOGY. 
Water Quality Management Options For a 
Coarse Alluvial Western Mountain Valley Aqui- 
fer Impacted by Septic System Wastes. 
W90-09943 5G 


MONTPELLIER-2 UNIV. (FRANCE). LAB. 
D’HYDROLOGIE MATHEMATIQUE. 
Use of Natural N-15 Isotope Tracing to Reveal 
Mixtures in Complex Aquifers (Utilisation du 
Tracage Isotopique Naturel de l’Azote 15 pour 
la Mise en Evidence de Melanges dans les Aqui- 
feres Complexes). 
W90-09971 2F 


MONTREAL UNIV. (QUEBEC). DEPT. OF 
BIOLOGICAL SCIENCES. 
Biomass and Photosynthesis of Size-Fractionat- 
ed Phytoplankton in Canadian Shield Lakes. 
W90-10269 2H 


MOSCOW STATE UNIV. (USSR). 
Mathematical Model of Snowmelt and Water 
Percolation Processes in Snow and Firn. 
W90-10376 2C 


MOSCOW STATE UNIV. (USSR). FACULTY 
OF GEOGRAPHY. 
Water Balance of the Upper Kolyma Basin. 
W90-10466 


MURDOCH UNIV. (WESTERN AUSTRALIA). 
SCHOOL OF ENVIRONMENTAL AND LIFE 
SCIEN 


ICE. 
Industrial Waste. 
W90-10124 5D 


NATAL UNIV., PIETERMARITZBURG 
(SOUTH AFRICA). DEPT. OF 
AGRICULTURAL ENGINEERING. 
Appropriate Record Lengths for the Estimation 
of Mean Annual and Mean Monthly Precipita- 
tion in Southern Africa. 
W90-09753 2B 


NATIONAL AERONAUTICS AND SPACE 

ADMINISTRATION, GREENBELT, MD. 

HYDROLOGICAL SCIENCES BRANCH. 
Seasonal and Interannual Observations and 
Modeling of the Snowpack on the Arctic Coast- 
al Plain of Alaska Using Satellite Data. 
W90-10491 7B 


NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION, HUNTSVILLE, AL. 
GEORGE C. MARSHALL SPACE FLIGHT 
CENTER. 
Precipitation Retrieval over Land and Ocean 
with the SSM/I: Identification and Characteris- 
tics of the Scattering Signal. 
W90-09622 7B 


NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION, WALLOPS ISLAND, VA. 
WALLOPS FLIGHT CENTER. 
Airborne Discrimination Between Ice and 
Water: Application to the Laser Measurement of 
Chlorophyll-in-Water in a Marginal Ice Zone. 
W90-10305 2C 


NATIONAL BOARD OF WATERS, HELSINKI 
(FINLAND). HYDROLOGICAL OFFICE. 
Mass Balance of Snow Cover in the Accumula- 
tion and Ablation Periods. 
W90-10479 2C 


NATIONAL BOARD OF WATERS, HELSINKI 
(FINLAND). WATER AND ENVIRONMENT 
RESEARCH INST. 

Phosphorus and Nitrogen Load from Forest and 

Agricultural Areas in Finland. 

W90-09762 5B 


Acid Percolation and Disintegration, Transfor- 
mation and Mobilization of Some Substances in 
Finnish Quaternary Deposits. 

W90-10520 5B 


NATIONAL CENTER FOR ATMOSPHERIC 
RESEARCH, BOULDER, CO. 
Modeling the Effects of Amazonian Deforest- 
ation on Regional Surface Climate: A Review. 
W90-09712 2A 


NATIONAL CLIMATIC DATA CENTER, 
ASHEVILLE, NC. 
Impact of Decadal Fluctuations in Mean Pre- 
cipitation and Temperature on Runoff: A Sensi- 
tivity Study over the United States. 
W90-09772 2A 


NATIONAL FISHERIES CONTAMINANT 
RESEARCH CENTER, ATHENS, GA. FIELD 
RESEARCH STATION. 
Environmental Contaminant Concentrations in 
Biota from the Lower Savannah River, Georgia 
and South Carolina. 
W90-09599 5B 


NATIONAL HYDROLOGY RESEARCH INST., 
OTTAWA (ONTARIO). 
Modelling Water Levels For a Lake in the Mac- 
Kenzie Delta. 
W90-10437 2H 


NATIONAL HYDROLOGY RESEARCH INST., 

SASKATOON (SASKATCHEWAN). 
Hydrological Regime of Lakes in the Mackenzie 
Delta, Northwest Territories, Canada. 
W90-10263 2H 


Analysis of a 290-Year Net Accumulation Time 
Series from Mount Logan, Yukon. 
W90-10383 2C 


NATIONAL INST. FOR ENVIRONMENTAL 
STUDIES, IBARAKI (JAPAN). 
ENVIRONMENTAL BIOLOGY DIV. 
Influence of Time of Application of an Insecti- 
cide on Recovery Patterns of a Zooplankton 
Community in Experimental Ponds. 
W90-09597 5C 


Influence of Chaoborus Density on the Effects 
of an Insecticide on Zooplankton Communities 
in Ponds. 

W90-09728 sc 


NATIONAL INST. OF STANDARDS AND 
TECHNOLOGY (NML), GAITHERSBURG, 
MD. CENTER FOR ANALYTICAL 
CHEMISTRY. 
Determination of Iodine in Oyster Tissue by 
Isotope Dilution Laser Resonance Ionization 
Mass Spectrometry. 
W90-09589 7B 


Chelation Ion Chromatography as a Method for 
Trace Elemental Analysis in Complex Environ- 
mental and Biological Samples. 

W90-10221 5A 


NATIONAL IRRIGATION BOARD, NAIROBI 
(KENYA). 
Small Holder Irrigated Cane in the Kano Plains 
of Kenya. 
W90-09581 3F 
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NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION, MIAMI, FL. ATLANTIC 


NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, MIAMI, FL. ATLANTIC 
OCEANOGRAPHIC AND 
METEOROLOGICAL LABS. 
Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part 1: Mesoscale 
Rainfall and Kinematic Structure. 
W90-09808 2B 


Boundary Layer Structure and Dynamics in 
Outer Hurricane Rainbands. Part II: Downdraft 
Modification and Mixed Layer Recovery. 

W90-09809 2B 


NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, SILVER SPRING, MD. 
AIR RESOURCES LAB. 
Global Monitoring at the United States Baseline 
Stations with Emphasis on Precipitation Chemis- 
try Measurements. 
W90-09724 2B 


NATIONAL PARK SERVICE, FORT COLLINS, 
CO. WATER RESOURCES DIV. 

Water Pollution Mitigation in Two National 

Park Service Units Affected by Energy and 

Mining Activities. 

W90-10081 5G 
NATIONAL SEVERE STORMS PROJECT, 
KANSAS CITY, MO. 

Operational Demonstration of Monitoring 

Snowpack Conditions Utilizing Digital Geosta- 

tionary Satellite Data on an Interactive Comput- 

er System. 

W90-10492 7B 


NATIONAL SOIL TILTH LAB., AMES, IA. 
Soil Tilth: A Review of Past Perceptions and 
Future Needs. 

W90-10251 3F 


NATIONAL SWEDISH ENVIRONMENT 
PROTECTION BOARD, SOLNA. 
Radionuclides in Benthic Micro-Algae (Radion- 
uklider I Bentiska Kiselalger). 
W90-10061 5B 


NATIONAL TAIWAN UNIV., TAIPEI. DEPT. 
OF CIVIL ENGINEERING. 
Real-Time Operation of Tanshui River Reser- 
voirs. 
W90-09669 2E 


NATIONAL TECHNICAL INFORMATION 
SERVICE, SPRINGFIELD, VA. 
Polychlorinated Biphenyls: Occurrence and 
Treatment in Municipal and Industrial Wastes 
(Jan 77 - Aug 89). 
W90-10032 5D 


Geotextiles (Jan 83 - Sep 89). 
W90-10033 8G 


Sewage and Industrial Waste Treatment: Wet- 
lands (Jan 77 - Dec 89). 
W90-10034 5D 


Ozonation Used in Water and Sewage Treat- 
ment (Jan 70 - Mar 90). 
W90-10035 5D 


Sewage Treatment Costs and Economics (Jan 79 
- Jun 87). 
W90-10036 5D 


Department of Defense Installation Restoration 
Program: Remedial Action on Waste Disposal 
Sites (Oct 80 - Oct 89). 

W90-10037 5G 


Odor Pollution (Mar 77 - Nov 89). 
W90-10038 5G 


Sewage Treatment Costs and Economics (Jul 87 
- Jul 89). 
W90-10039 5D 


OR-16 


Underwater Construction with Concretes (Jan 
70 - Jul 89). 
W90-10040 8F 


Toxic Substances: Effects on Fish (Jan 78 - Jul 
89). 
W90-10041 sc 


Anion Exchange Resins: Structure, Formulation, 
and Applications (Jan 77 - Jul 89). 
W90- 10042 SF 


Bioindicators of Marine Pollution (Jan 74 - Jul 
W90-10043 5A 


Dredging: Technology and Environmental As- 
pects (Jan 78 - Dec 88). 
W90- 10044 8H 


Sludge Dewatering: Industrial Wastes and 
Sewage (Jul 85 - Dec 88). 
W90-10045 5D 


Acid Mind Drainage (Jan 77 - Jan 89). 
W90-10046 5B 


Water Pollution Effects of Metals on Fresh 
Water Fish (Jan 70 - Dec 88). 
W90-10047 5C 


Water Treatment Facilities (Excluding 
Wastewater Facilities) (Jan 77 - Dec 88). 
W90-10048 5F 


Heavy Metals in Drinking Water: Standards, 
Sources, and Effects (Jan 77 - Dec 88). 
W90-10049 5B 


Sewage Sludge Treatment by Composting (Jan 
70 - May 89). 
W90-10052 5D 


Metals Recovery from Wastes (Jun 70 - Apr 88). 
W90-10053 5D 


Wastewater Treatment: Lagoons (Jan 77 - May 
W90-10054 sD 


Deep Well Disposal (Jan 76 - May 89). 
W90-10055 SE 


Sludge Dewatering: Sewage and Industrial 
Wastes (Jan 78 - Apr 89). 
W90-10056 5D 


Leachate Treatment (Jan 77 - Apr 89). 
W90-10057 5D 


Biodeterioration of Oil Spills (Jan 70 - Apr 89). 
W90-10058 5G 


Radioactive Contamination and Radionuclide 
Migration in Groundwater (Jan 70 - May 89). 
W90-10059 5B 


Metals Recovery from Wastes (May 88 - Dec 
89). 
W90- 10060 5D 


Leachate Treatment (Jan 72 - Apr 89). 
'W90-10064 5D 


Metals Recovery from Wastes (Jan 77 - Apr 89). 
W90-10065 5D 


Sewage Sludge Pretreatment and Disposal (Mar 
88 - Apr 89). 
W90-10066 5D 


Liners for Waste Disposal and Waste Storage 
Facilities (Jan 76 - Apr 89). 
W90-10067 SE 


NATIONAL WATER RESEARCH INST., 
BURLINGTON (ONTARIO). 
Aquifer Contamination and Restoration at the 
Gloucester Landfill, Ontario, Canada. 
W90-10522 5B 


NATIONAL WATER RESEARCH INST., 
BURLINGTON (ONTARIO). LAKES 
RESEARCH BRANCH. 

Distribution Patterns of Oligochaetes in the 

English Lake District. 

W90-10258 2H 


NATIONAL WATER RESEARCH INST., 
BURLINGTON (ONTARIO). RIVERS 
RESEARCH BRANCH. 

Hydrological Modeling of Acidified Canadian 

Watersheds. 

W90-09641 5B 


NATIONAL WEATHER SERVICE, 
ANACHORAGE, AK. ALASKAN RIVER 
FORECAST CENTER. 

Forecast Procedure For Jokulhlaups on Snow 

River in Southcentral Alaska. 

W90-10488 4A 


NATIONAL WILDLIFE RESEARCH CENTRE, 
OTTAWA (ONTARIO). 
Impacts of Acid Rain on Aquatic Birds. 
W90-09723 5C 


NATIONALE GENOSSENSCHAFT FUER DIE 
LAGERUNG RADIOAKTIVER ABFAELLE, 
BADEN (SWITZERLAND). 
Treatment of Uncertainties in Ground-water 
Flow Modeling in the Swiss Radioactive Waste 
Program. 
W90-10407 5E 


NATURE CONSERVANCY COUNCIL, 
PETERBOROUGH (ENGLAND). 
Conservation of British North Sea Estuaries. 
W90-09693 2L 


NEBRASKA UNIV., LINCOLN. DEPT. OF 
AGRONOMY. 
Nitrogen Management and Nitrification Inhibi- 
tor Effects on Nitrogen-i5 Urea: I. Yield and 
Fertilizer Use Efficiency. 
W90-10249 5G 


Nitrogen Management and Nitrification Inhibi- 
tor Effects on Nitrogen-15 Urea: II. Nitrogen 
Leaching and Balance. 

W90-10250 5G 


NEBRASKA UNIV., LINCOLN. WATER 
RESOURCES CENTER. 
Fiscal Year 1988 Program Report (Nebraska 
Water Center). 
W90-09560 9D 


NEDERLANDS INST. VOOR ONDERZOEK 
DER ZEE, TEXEL. 
Phosphorus Budget of the Marsdiep Tidal Basin 
(Dutch Wadden Sea) in the Period 1950-1985: 
Importance of the Exchange with the North 
Sea. 


W90-09685 5C 


NEVADA UNIV., RENO. DESERT RESEARCH 
INST. 
Determination of Hydraulic Conductivity and 
Porosity Logs in Wells with a Disturbed Annu- 
lus. 
W90-10277 2F 





NEVADA UNIV. SYSTEM, RENO. WATER 
RESOURCES CENTER. 
Hydrologic Monitoring of Subsurface Flow and 
Groundwater Recharge in a Mountain Water- 
shed. 
W90-10463 2F 


NEW ENGLAND UNIV., BIDDEFORD, ME. 
DIV. OF LIFE SCIENCES. 
Determination of Hazardous Waste Concentra- 
tion as a Result of Accidental Discharge. 
W90-10127 5B 


Use of Wetlands for Wastewater Treatment. 
W90-10131 5D 


NEW JERSEY INST. OF TECH., NEWARK. 
DEPT. OF CIVIL AND ENVIRONMENTAL 
ENGINEERING. 
Granular Activated Carbon in Water Treatment. 
W90-10129 


NEW MEXICO STATE UNIV., LAS CRUCES. 
DEPT. OF AGRONOMY AND 
HORTICULTURE. 

Deficit Irrigation Effects on Head Cabbage Pro- 

duction. 

W90-09706 3F 


NEW MEXICO STATE UNIV., LAS CRUCES. 
DEPT. OF CIVIL ENGINEERING. 
Changes in Soil Properties under Intermittent 
Water Application. 
W90-09783 3F 


NEW SOUTH WALES DEPT. OF PUBLIC 
WORKS, ASHFIELD (AUSTRALIA). 
Upgrading of Dams in New South Wales. 
W90-09643 8A 


NEW YORK MEDICAL COLL., NY. DEPT. OF 
MICROBIOLOGY. 
Polychlorobiphenyl (PCB) Congeners in Striped 
Bass (Morone saxatilis) from Marine and Estua- 
rine Waters of New York State Determined by 
Capillary Gas Chromatography. 
W90-09595 SA 


NEW YORK STATE DEPT. OF 
ENVIRONMENTAL CONSERVATION, 
ALBANY. 
New York State Self-Help Support System 
Technical Assistance as a Method to Solve 
Wastewater Treatment Problems. 
W90-09910 5D 


Ice Jam Flooding - Evolution of New York 
State’s Involvement. 
W90-10443 6F 


NEW YORK UNIV. MEDICAL CENTER, NY. 

INST, OF ENVIRONMENTAL MEDICINE. 
Landfill Leachate: A Study of Its Anaerobic 
Mineralization and Toxicity to Methanogenesis. 
W90-09600 5B 


NEWCASTLE UNIV. (AUSTRALIA). DEPT. OF 
CHEMISTRY. 
Labile Metal Content of Sediments: Fractiona- 
tion Scheme Based on Ion-Exchange Resins. 
W90-09650 5A 


NEWCASTLE UNIV. (AUSTRALIA). DEPT. OF 
CIVIL ENGINEERING. 
Estimation of Runoff-Routing Model Parameters 
Using Incompatible Storm Data. 
W90-09793 2A 


NEWCASTLE UPON TYNE UNIV. 
(ENGLAND). DEPT. OF CIVIL 
ENGINEERING. 

Flow Processes and Data Provision for Channel 

Flow Models. 

W90-10340 2J 
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OHIO STATE UNIV., COLUMBUS. DEPT. OF AGRICULTURAL ENGINEERING. 


NEWCASTLE UPON TYNE UNIV. 
(ENGLAND). DEPT. OF MECHANICAL 
ENGINEERING. 
Surge Shaft Stability for Pumped-Storage 
Schemes. 


W90-10108 8A 


NORSK HYDROTEKNISK LAB., 
TRONDHEIM. 
Effects of Seasonally Frozen Ground in Snow- 
melt Modeling. 
W90-10470 2E 


NORSK INST. FOR VANNFORSKNING, 
OSLO. 
Effect of Acid Deposition on Cation Fluxes in 
Artificially Acidified Catchments in Western 
Norway. 
W90-10240 5C 


NORTH CAROLINA DEPT. OF NATURAL 
RESOURCES AND COMMUNITY 
DEVELOPMENT, RALEIGH. DIV. OF WATER 
RESOURCES. 

Overview of North Carolina’s Aquatic Weed 

Control Program. 

W90-10014 4A 


Chemical and Physical Management of Aquatic 
Weeds in Municipal Water Supply Reservoirs 
and Other Impoundments. 

W90-10026 4A 


NORTH CAROLINA DIV. OF HEALTH 
SERVICES, RALEIGH. PUBLIC HEALTH 
PEST MANAGEMENT BRANCH. 

Bacillus thuringiensis var. Israelensis (Bti) for 

Larval Mosquito Control. 

W90-10025 4A 


NORTH CAROLINA DIV. OF HEALTH 

SERVICES, WINSTON-SALEM. PUBLIC 

HEALTH PEST MANAGEMENT BRANCH. 
Overview of Impoundment and Mosquito Man- 
agement Programs in North Carolina. 
W90-10019 4A 


Monitoring Techniques for Mosquitoes Associ- 
ated with Impoundments. 
W90-10029 4A 


NORTH CAROLINA STATE UNIV. AT 
RALEIGH. DEPT. OF CROP SCIENCE. 
Biological Control of Aquatic Weeds with In- 
sects. 
W90-10022 4A 


NORTH CAROLINA STATE UNIV. AT 
RALEIGH. DEPT. OF ENTOMOLOGY. 
Mosquitoes Associated with Impoundments: A 
Review of Their Biology. 
W90-10028 2H 


NORTH CAROLINA STATE UNIV. AT 
RALEIGH. DEPT. OF FORESTRY. 
Biological Control of Aquatic Weeds Using 
Fish. 
W90-10023 4A 


NORTH CAROLINA STATE UNIV. AT 
RALEIGH. DEPT. OF MARINE, EARTH AND 
ATMOSPHERIC SCIENCES. 

Dynamic Chemical Characterization of Montane 

Clouds. 

Ww90-10211 2B 


NORTH CAROLINA WATER RESOURCES 
RESEARCH INST., RALEIGH. 
Managing Public Water Supplies During 
Droughts, Experiences in the United States in 
1986 and 1988. 
W90-09513 3D 


Historical Account of Public Water Supplies in 
North Carolina. 
W90-09546 SF 


NORTHERN ENVIRONMENTAL 
CONSULTANTS LTD., CONSETT (ENGLAND). 
Enteromorpha as a Monitor of Heavy Metals in 
Estuaries. 
W90-09691 5A 


NORTHERN FOREST RESEARCH CENTRE, 
EDMONTON (ALBERTA), 
Fate of Glyphosate in a Canadian Forest Water- 
shed: 1. Aquatic Residues and Off-Target De- 
posit Assessment. 
W90-09606 5B 


Fate of Glyphosate in a Canadian Forest Water- 
shed: 2. Persistence in Foliage and Soils. 
W90-09607 5B 


NORTHROP SERVICES, INC., CORVALLIS, 
OR. 


Factors Contributing to Differences in Acid 
Neutralizing Capacity Among Lakes in the 
Western United States. 

W90-10095 2H 


NORTHROP SERVICES, INC., RESEARCH 
TRIANGLE PARK, NC. 
Development and Evaluation of an Acid Pre- 
cipitation Monitor for Fractional Event Sam- 
pling with Capability for Real-Time pH, and 
Conductivity Measurement. 
W90-10209 7B 


NOTTINGHAM UNIV. (ENGLAND). DEPT. 
OF PHYSIOLOGY AND ENVIRONMENTAL 
SCIENCE. 

Wet, Occult and Dry Deposition of Pollutants 

on Forests. 

W90-09709 5B 


NRA (ANGLIAN REGION) MARINE 

LABORATORY, AQUA HOUSE, HARVEY 

STREET, LINCOLN, LN1 1TF, ENGLAND. 
Humber Estuary--A Case Study. 
W90-09692 


NUCLEAR REGULATORY COMMISSION, 
WASHINGTON, DC. DIV. OF WASTE 
MANAGEMENT. 
Validation of Stochastic Flow and Transport 
Models for Unsaturated Soils: Field Study and 
Preliminary Results. 
W90-10418 5G 


OAK RIDGE NATIONAL LAB., TN. 
ENGINEERING PHYSICS AND 
MATHEMATICS DIV. 
Deterministic Methods for Sensitivity and Un- 
certainty Analysis in Large Scale Computer 
Models. 
W90-10411 7C 


OAK RIDGE NATIONAL LAB., TN. 
ENVIRONMENTAL SCIENCES DIV. 
Carbon Isotope Mass Transfer as Evidence for 
Contaminant Dilution. 
W90-09860 5B 


OAK RIDGE NATIONAL LAB., TN. HEALTH 
AND SAFETY RESEARCH DIV. 
Chlorination, Water Hardness and Serum Cho- 
lesterol in Forty-six Wisconsin Communities. 
W90-09739 5F 


OHIO STATE UNIV., COLUMBUS. DEPT. OF 
AGRICULTURAL ENGINEERING. 
Sanitary Surveys for Small Rural Communities. 
W90-09911 5D 
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OHIO STATE UNIV., COLUMBUS. DEPT. OF AGRONOMY. 


OHIO STATE UNIV., COLUMBUS. DEPT. OF 

AGRONOMY. 
Influence of 25 Years of Continuous Corn Pro- 
duction by Three Tillage Methods on Water 
Infiltration for Two Soils in Ohio. 
49 2G 


OHIO STATE UNIV., COLUMBUS. WATER 
RESOURCES CENTER. 
Fiscal Year 1988 Program Report (Ohio Water 
Resources Center). 
90-09519 9D 


OKLAHOMA STATE UNIV., STILLWATER. 

DEPT. OF AGRICULTURAL ENGINEERING. 
Solute Transport by a Volatile Solvent. 
W90-10281 5B 


OKLAHOMA UNIV., NORMAN. DEPT. OF 
CIVIL ENGINEERING AND 
ENVIRONMENTAL SCIENCE. 
Treatment of Chlordane-Contaminated Water 
by the Activated Rotating Biological Contactor. 
W90-10198 5F 


OLD DOMINION UNIV., NORFOLK, VA. 
DEPT. OF BIOLOGICAL SCIENCES. 
Copper-Induced Production of Copper-Binding 
Supernatant Proteins by the Marine Bacterium 
Vibrio alginolyticus. 
W90-09630 5B 


ONDO STATE UNIV., ADO-EKITI (NIGERIA). 
DEPT. OF GEOGRAPHY. 
Sediment Delivery Ratio Prediction Equations 
for Short Catchment Slopes in a Humid Tropical 
Environment. 
W90-09800 2J 


ONTARIO MINISTRY OF NATURAL 
RESOURCES, PICTON. LAKE ONTARIO 
FISHERIES UNIT. 

Alternative Approaches in Predicting Trout 

Populations from Habitat in Streams. 

W90-10010 8I 


OPERATIONS RESEARCH GROUP, 
BARODA, INDIA. 
Irrigation Management and Scheduling: Study 
of an Irrigation System in India. 
W90-10373 3F 


ORANGE FREE STATE UNIV., 
BLOEMFONTEIN (SOUTH AFRICA). 
Canopy Surface Conductance of Unstressed 
Wheat and Its Weather Dependence. 
W90-09754 2D 


OREGON STATE UNIV., CORVALLIS. DEPT. 
OF AGRICULTURAL AND RESOURCE 
ECONOMICS. 
Managing Groundwater Pollution from Agricul- 
ture Related Sources: An Economic Analysis. 
W90-09516 6B 


OREGON STATE UNIV., CORVALLIS. DEPT. 
OF ATMOSPHERIC SCIENCES. 
Mid-Latitude Northern Hemisphere Background 
Sulfate Concentration in Rainwater. 
W90-10169 2B 


OREGON STATE UNIV., CORVALLIS. OAK 
CREEK LAB. OF BIOLOGY. 
Multi-Steady-State Toxicant Fate and Effect in 
Laboratory Aquatic Ecosystems. 
W90-10141 5C 


OREGON STATE UNIV., CORVALLIS. 
WATER RESOURCES RESEARCH INST. 
Fiscal Year 1988 Program Report (Oregon 
Water Resources Research Institute). 
W90-09548 9D 


ORGANIZATION FOR ENGINEERING 
GEOLOGY AND HYDROGEOLOGY, KOSICE 
(CZECHOSLOVAKIA). 

Mass Transfer of Ion-Exchanging Pollutants in 

Groundwater. 

W90-10506 5B 
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PACIFIC GAS AND ELECTRIC CO., SAN 
RAMON, CA. RESEARCH AND 
DEVELOPMENT DEPT. 

Mitigation for Impacts to Riparian Vegetation 

on Western Montane Streams. 

W90-10006 5G 


PACIFIC NORTHWEST FOREST AND 

RANGE EXPERIMENT STATION, COLLEGE, 

AK. INST. OF NORTHERN FORESTRY. 
Seasonal Snow and Aufeis in Alaska’s Taiga. 
W90- 10445 2C 


PACIFIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION, 
CORVALLIS, OR. FORESTRY SCIENCES 


Pattern and Origin of Stepped-Bed Morphology 
in High-Gradient Streams, Western Cascades, 
Oregon. 

W90-10178 2J 


PACIFIC SOUTHWEST FOREST AND RANGE 
EXPERIMENT STATION, BERKELEY, CA. 
Factors Influencing the Quality of Snow Pre- 
cipitation and Snow Throughfall at a Sierra 
Nevada Site. 
W90-10456 2C 


Water Flow Rates, Porosity, and Permeability in 
Snowpacks in the Central Sierra Nevada. 
W90-10475 2c 


Measurements of Snow Layer Water Retention. 
W90-10477 7B 


PACIFIC SOUTHWEST FOREST AND RANGE 
EXPERIMENT STATION, SODA SPRINGS, 
CA. CENTRAL SIERRA SNOW LAB. 
In Situ Electrical Measurements of Snow Wet- 
ness in a Deep Snowpack in the Sierra Nevada 
Zone of California. 
W90-10476 7B 


PAPADOPULOS (S.S.) AND ASSOCIATES, 
INC., ROCKVILLE, MD. 
Effectiveness of Hydraulic Methods for Control- 
ling Groundwater Contamination. 
W90-10521 5G 


PARIS-11 UNIV., ORSAY (FRANCE). LAB. 
D’HYDROLOGIE ET DE GEOCHEMIE 
ISOTOPIQUE. 
Geochemical and Isotopic Study of Groundwat- 
er Flow Paths in a Volcanic Area under Semi- 
arid Climatic Conditions (Exemple d’Etude 
Geochimique et Isotopique de Circulations 
Aquiferes en Terrain Volcanique sous Climat 
Semi-aride). 
W90-09794 2F 


Simulation of the Transport of the C-14 in the 
Total Dissolved Inorganic Carbon (DIC) in 
Confined Aquifers Using a Convective-Disper- 
sive Approach (Simulation du Transport du Car- 
bone 14 du CITD dans le Aquifers Captifs par 
une Approche Convecto-Dispersive). 

W90-09958 2F 


PARIS-7 UNIV. (FRANCE). LAB. DE 
PHYSICO-CHIMIE DE L’ATMOSPHERE. 
Solubility of Major Species in Precipitation: 
Factors of Variation. 
W90-10210 2K 


PENNSYLVANIA STATE UNIV., UNIVERSITY 

PARK. BREAZEALE NUCLEAR REACTOR. 
Survey of Applications of Non-Radioactive but 
Neutron Activatable Groundwater Tracers. 
W90-09988 7B 


PENNSYLVANIA STATE UNIV., UNIVERSITY 

PARK. DEPT. OF AGRICULTURAL 

ECONOMICS AND RURAL SOCIOLOGY. 
Cross Compliance and Water Quality Protec- 


tion. 
W90-10229 5G 


PENNSYLVANIA STATE UNIV., UNIVERSITY 
PARK, DEPT. OF AGRICULTURAL 
ENGINEERING. 

Content and Fractionation of Heavy Metals in 

Water Treatment Sludges. 

W90-10197 5F 


PENNSYLVANIA STATE UNIV., UNIVERSITY 
PARK. DEPT. OF AGRONOMY. 
Soil Nitrate Accumulations Following Nitrogen- 
Fertilized Corn in Pennsylvania. 
W90-10187 5B 


PENNSYLVANIA STATE UNIV., UNIVERSITY 
PARK. DEPT. OF GEOSCIENCES. 
Influence of Temperature on Ion Adsorption by 
Hydrous Metal Oxides. 
W90-09868 2K 


PENNSYLVANIA STATE UNIV., UNIVERSITY 
PARK. ENVIRONMENTAL RESOURCES 
RESEARCH INST. 
Fiscal Year 1988 Program Report (Pennsylvania 
Center for Water Resources Research). 
W90-09522 9D 


PENNSYLVANIA STATE UNIV., UNIVERSITY 
PARK. SCHOOL OF FOREST RESOURCES. 
One-Time-Dormant Season Application of Gas 
Well Brine on Forest Land. 
W90-10192 SE 


PLYMOUTH MARINE LAB. (ENGLAND). 
Solubility of Volatile Electrolytes in Multicom- 
ponent Solutions with Atmospheric Applica- 
tions. 

W90-09851 5B 


PLYMOUTH POLYTECHNIC (ENGLAND). 
DEPT. OF BIOLOGICAL SCIENCES. 
Location of Copper in Larvae of Plectrocnemia 
conspersa (Curtis) (Trichoptera) Exposed to Ele- 
vated Metal Concentrations in a Mine Drainage 
Stream. 
W90-10271 5B 


POLISH ACADEMY OF SCIENCES, 
GOCZALKOWICE. HYDROBIOLOGICAL 
STATION. 
Zooplankton of the Wisla-Czarne Dam Reser- 
voir (Southern Poland) in the Years 1975-1984. 
W90-09678 2H 


POLISH ACADEMY OF SCIENCES, 
KRAKOW. ZAKLAD BIOLOGII WOD. 
Communities of Sessile Algae in Some Small 
Streams of Central Finland. Comparison of the 
Algae of the High Mountains of Europe and 
Those of Its Northern Regions. 
W90-09677 2H 


POLISH ACADEMY OF SCIENCES, 
KRAKOW. ZAKLAD OCHRONY PRZYRODY 
I ZASOBOW NATURALNYCH. 
Ecological Characteristics of Caddis Flies (Tri- 
choptera) of Streams in the Gorce Mts (South- 
ern Poland). 
W90-09679 2H 


PONTIFICIA UNIV. CATOLICA DE CHILE, 
SANTIAGO. ECONOMICS INST. 
Estimating the Externalities of Groundwater 
Use in Western Argentina. 
W90-10370 3F 


PORT ELIZABETH UNIV. (SOUTH AFRICA). 
DEPT. OF BOTANY. 
Dynamics of Estuarine Macrophytes in Relation 
to Flood/Siltation Cycles. 
W90-10282 2L 





PORTO UNIV. (PORTUGAL). DEPT. DE 
FISIOLOGIA. 
Effects of Diflubenzuron on Shell Formation of 
the Freshwater Clam, Anodonta cygnea. 
W90-09593 5C 


PTI ENVIRONMENTAL SERVICES, 
BELLEVUE, WA. 
Comparisons Between Sediment Bioassays and 
Alterations of Benthic Macroinvertebrate As- 
semblages at a Marine Superfund Site: Com- 
mencement Bay, Washington. 
W90-10144 5C 


PTI ENVIRONMENTAL SERVICES, 
BOULDER, CO. 
Numerical Modeling of Platinum Eh Measure- 
ments by Using Heterogeneous Electron-Trans- 
fer Kinetics. 
W90-09873 2K 


PUERTO RICO UNIV., RIO PIEDRAS. 
AGRICULTURAL EXPERIMENT STATION. 
Tomato and Sweet Pepper Response to Furrow, 
Microsprinkler and Drip Irrigation. 
W90-10295 3F 


PUNJAB AGRICULTURAL UNIV., 

LUDHIANA (INDIA). DEPT. OF SOILS. 
Prediction of Sustained Sodic Irrigation Effects 
on Soil Sodium Saturation and Crop Yields. 
W90-09705 3F 


PURDUE UNIV., LAFAYETTE, IN. DEPT. OF 
AGRONOMY. 
Summary of a 5-Year Monitoring Effort on Al- 
ternative Systems in Indiana. 
W90-09925 5D 


QUEEN MARY COLL., LONDON 
(ENGLAND). CENTRE FOR RESEARCH IN 
AQUATIC BIOLOGY. 
Seasonal Variation in Copper and Zinc Concen- 
trations in Three Talitrid Amphipods (Crusta- 
cea). 
W90-10270 5B 


QUEENSLAND UNIV., BRISBANE 
(AUSTRALIA). DEPT. OF ANTHROPOLOGY 
AND SOCIOLOGY. 

Rain Forests of the Ok Tedi Headwaters, New 

Guinea: An Ecological Analysis. 

W90-10223 21 


R AND M CONSULTANTS, INC., 
ANCHORAGE, AK. 
Riverbank Erosion Processes on the Yukon 
River at Galena, Alaska. 
W90-10481 2J 


Suspended Sediment Budget of a Glacier-Fed 
Lake - Eklutna Lake, Alaska. 
W90-10489 2J 


Freezeup Processes Along the Susitna River, 
Alaska. 
W90-10497 2C 


RADIAN CORP., SACRAMENTO, CA. 
Theoretical Basis and Performance Evaluation 
of Current Snowmelt-Runoff Simulation 
Models. 

W90-10484 7C 


RAMAT NEGEV REGIONAL COUNCIL 
AGRICULTURAL STATION, HALUTSA 
MOBILE POST 85515 (ISRAEL). 
Irrigation with Brackish Water under Desert 
Conditions: VIII. Further Studies on Onion 
(Allium cepa L.) Production with Brackish 
Water. 
W90-09704 3F 


ORGANIZATIONAL INDEX 
SANDIA NATIONAL LABS., ALBUQUERQUE, NM. EARTH SCIENCES DIV. 


RAND AFRIKAANS UNIV., JOHANNESBURG 

(SOUTH AFRICA). DEPT. OF ZOOLOGY. 
Observations on Concentrations of the Heavy 
Metals Zinc, Manganese, Nickel and Iron in 
Water, in the Sediments and Two Aquatic Ma- 
crophytes, Typha capensis (Rohrb.) N.E. Br. 
and Arundo donax L., of a Stream Affected by 
Goldmine and Industrial Effluents. 
W90-09758 5B 


Heavy Metal Content in Organs of the African 
Sharptooth Catfish, Clarias gariepinus (Bur- 
chell), from a Transvaal Lake Affected by Mine 
and Industrial Effluents: Part 1. Zinc and 
Copper. 

W90-09759 5B 


READING UNIV. (ENGLAND). 
Principles of Crop Use, Dry Matter Production, 
and Dry Matter Partitioning that Govern 
Choices of Crops and Systems. 
W90-09816 3F 


READING UNIV. (ENGLAND). DEPT. OF 
APPLIED STATISTICS. 
Interpreting the Results from Simulated 
Drought Experiments. 
W90-09814 3F 


READING UNIV. (ENGLAND). DEPT. OF 
SOIL SCIENCE. 
Measurement and Estimation of Evaporation 
from Soil Under Sparse Barley Crops in North- 
ern Syria. 
W90-09713 3F 


REGENSBURG UNIV. (GERMANY, F.R.). 
INST. FUER ANORGANISCHE CHEMIE. 


Development of a Definitive Method for Iodine 


Speciation in Aquatic Systems. 
W90-09773 2H 


RENNES-1 UNIV. (FRANCE). LAB. DE 
MICROBIOLOGIE PHARMACEUTIQUE. 
Fluorescent-Antibody Method Useful for De- 
tecting Viable but Nonculturable Salmonella 
spp. in Chlorinated Wastewater. 
W90-09635 5D 


RESOURCES FOR THE FUTURE, INC., 
WASHINGTON, DC. CLIMATE RESOURCES 
PROGRAM. 

Evapotranspiration in a Greenhouse-Warmed 

World: A Review and Simulation. 

W90-09710 2D 


RHODE ISLAND UNIV., KINGSTON. DEPT. 
OF RESOURCE ECONOMICS. 
Empirical Model of the Relationship Between 
Irrigation and the Volume of Water Collected in 
Subsurface Drains. 
W90-09658 3F 


RIJKSINSTITUUT VOOR NATUURBEHEER, 
LEERSUM (NETHERLANDS). 
Hydrobiological Research 

Ditches. 
W90-09731 2H 


in Peat Polder 


Annual and Diel Oxygen Regime in Two Polder 
Ditches. 
W90-09732 2H 


Release of Sedimentary Nitrogen and Phospho- 
rus in Polder Ditches of a Low-Moor Peat Area. 
W90-09733 2H 


RIJKSINSTITUUT VOOR NATUURBEHEER, 
LEERSUM (NETHERLANDS). DEPT. OF 
HYDROBIOLOGY. 
Macroinvertebrates in Dutch Ditches: A Typo- 
logical Characterization and the Status of the 
Demmerik Ditches. 
W90-09734 2H 


Macroinvertebrates in the Demmerik Ditches 
(The Netherlands): The Role of Environmental 
Structure. 

W90-09735 2H 


RIJKSWATERSTAAT, HAREN 

(NETHERLANDS). TIDAL WATERS DIV. 
Response of the Dutch Wadden Sea Ecosystem 
to Phosphorus Discharges from the River Rhine. 
W90-09687 5C 


RIJKSWATERSTAAT, THE HAGUE 

(NETHERLANDS). DIV. OF TIDAL WATERS. 
Cadmium and Copper Accumulation in the 
Common Mussel Mytilus edulis in the Western 
Scheldt Estuary: A Model Approach. 
W90-09690 5B 


ROCKY MOUNTAIN FOREST AND RANGE 
EXPERIMENT STATION, FORT COLLINS, 
co. 

Snow Surface Strength and the Efficiency of 

Relocation by Wind. 

W90-10474 2C 


ROCKY MOUNTAIN FOREST AND RANGE 
EXPERIMENT STATION, LARAMIE, WY. 
FORESTRY SCIENCES LAB. 

Watershed Test of Snow Fence to Increase 

Streamflow: Preliminary Results. 

W90-10440 4A 


Precipitation Measured by Dual Gages, Wyo- 
ming-Shielded Gages, and in a Forest Opening. 
W90-10478 2B 


ROSENSTIEL SCHOOL OF MARINE AND 
ATMOSPHERIC SCIENCE, MIAMI, FL. 
Effect of Ionic Interactions on the Oxidation 
Rates of Metals in Natural Waters. 
W90-09880 5B 


ROYAL INST. OF TECH., STOCKHOLM 
(SWEDEN). DEPT. OF CHEMICAL 
ENGINEERING. 
Some Recent Observations of Channeling in 
Fractured Rocks-Its Potential Impact on Radio- 
nuclide Migration. 
W90-10423 2F 


ROYAL SWAZILAND SUGAR CORP., 
SIMUNYE. 
Assessment of Drip Irrigation of Sugar Cane on 
Poorly Structured Soils in Swaziland. 
W90-09584 3F 


RSE GROUP, TAMPA, FL. 
Ground Water Modeling with Uncertainty 
Analysis to Assess the Contamination Potential 
from Onsite Sewage Disposal Systems (OSDS) 
in Florida. 
W90-09937 5B 


RUTGERS - THE STATE UNIV., CAMDEN, 
NJ. DEPT. OF BIOLOGY. 
Streams in the New Jersey Pinelands Directly 
Reflect Changes in Atmospheric Deposition 
Chemistry. 
W90-10193 5B 


SAINT JOHNS RIVER WATER 
MANAGEMENT DISTRICT, PALATKA, FL. 
Estimating Extreme Events: Log Pearson Type 
3 Distribution. 
W90-10113 7C 


SANDIA NATIONAL LABS., ALBUQUERQUE, 
NM. EARTH SCIENCES DIV. 
Parameter Sensitivity and Importance for Radio- 
nuclide Transport in Double-Porosity Systems. 
W90-10419 5B 





ORGANIZATIONAL INDEX 


SANDIA NATIONAL LABS., ALBUQUERQUE, NM. WASTE MANAGEMENT SYSTEMS DIV. 


SANDIA NATIONAL LABS., ALBUQUERQUE, 
NM. WASTE MANAGEMENT SYSTEMS DIV. 
Development of a Methodology of Geochemical 
Sensitivity Analysis for Performance Assess- 
ment. 
W90-10414 5B 


SASKATCHEWAN UNIV., SASKATOON. 
CROP DEVELOPMENT CENTRE. 
Response of Winter Wheat to N and Water: 
Growth, Water Use, Yield and Grain Protein. 
W90-09602 3F 


SASKATCHEWAN UNIV., SASKATOON. DIV. 
OF HYDROLOGY. 
Modelling Snowmelt Infiltration and Runoff in a 
Prairie Environment. 
W90-10482 2C 


SAVANNAH RIVER ECOLOGY LAB., AIKEN, 
Sc. 
Post-Defaunation Recovery of Fish Assem- 
blages in Southeastern Blackwater Streams. 
W90-09612 2H 


Thermal Flooding Injury of Woody Swamp 
Seedlings. 
W90-09624 21 


Photochemical Degradation Rates of Tetraphen- 
ylborate and Diphenylboric Acid Sensitized by 
Dissolved Organic Matter in Stream Water. 

W90-10136 5B 


SCRIPPS INSTITUTION OF 
OCEANOGRAPHY, LA JOLLA, CA. 
Transport, Metabolism, and Detoxification of 
Hydrogen Sulfide in Animals from Sulfide-Rich 
Marine Environments. 
W90-09625 2L 


SERVICIO GEOLOGICO DE BOLIVIA, LA 
PAZ. 
Isotope Study of the Oruro-Caracollo Basin (Bo- 
livia) (Estudio Isotopico de la Cuenca de Oruro- 
Caracollo (Bolivia)). 
W90-09968 2F 


SHEFFIELD UNIV. (ENGLAND). DEPT. OF 
GEOGRAPHY. 

Hillslope Solute Modelling. 

W90-10345 


SHIMANE UNIV., MATSUE (JAPAN). 
FACULTY OF AGRICULTURE, 
Measurement of Soil Respiration in the Field: 
Influence of Temperature, Moisture Level, and 
Application of Sewage Sludge Compost and 
Agro-chemicals. 
W90-10319 2G 


SIENA UNIV. (ITALY). DIPT. DI BIOLOGIA 
AMBIENTALE. 
Models, Field Studies, Laboratory Experiments: 
An Integrated Approach to Evaluate the Envi- 
ronmental Fate of Atrazine (s-Triazine Herbi- 
cide). 
W90-09715 5B 


SILSOE COLL. (ENGLAND). 
Recent Developments for Improving Water 
Management in Surface and Overhead Irriga- 
tion. 
W90-09562 3F 


Dryland Farming Tillage and Water-Harvesting 
Guidelines for the Yemen Arab Republic. 
W90-09751 2G 


SIMON AND ASSOCIATES, INC., 
BLACKSBURG, VA. 
Recommended Septic Tank Effluent Loading 
Rates for Fine-Textured, Structured Soils with 
Flow Restrictions. 
W90-09950 5D 
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SIMON FRASER UNIV., BURNABY (BRITISH 
COLUMBIA). DEPT. OF BIOLOGICAL 
SCIENCES. 
Distribution of Plant Macroremains in Surface 
Sediments of Marion Lake, Southwest British 
Columbia. 
W90-09637 2H 


SMALL HOLDER SUGAR AUTHORITY, 
NKHOTAKOTA (MALAWI). 
Organisation of Malawi’s Small Holder Sugar 
Production Under Irrigation. 
W90-09580 3F 


SNOWY MOUNTAINS ENGINEERING 
CORP., COOMA (AUSTRALIA). 
Snowy Mountains Refurbishment Project. 
W90-09644 


SOIL CONSERVATION SERVICE, 
PORTLAND, OR. 
Reservoir Operations Planning in Snowmelt 
Runoff Regimes Based on Simple Rule Curves. 
W90-10436 4A 


SOOCHOW UNIV., TAIPEI (TAIWAN). DEPT. 
OF MICROBIOLOGY. 
Survival of Genetically Engineered Escherichia 
coli in Natural Soil and River Water. 
W90-10296 5B 


SOUTH CAROLINA PUBLIC SERVICE 

AUTHORITY, MONCKS CORNER. 
Management of Aquatic Plants and Mosquitoes 
in the Santee Cooper Hydrologic System. 
W90-10015 


SOUTH CAROLINA UNIV., COLUMBIA. 
DEPT. OF CIVIL ENGINEERING. 
Comparison of Agricultural Nonpoint Source 
Runoff from No-Till and Conventional Till Veg- 
etable Crop Test Plots. 
W90-09550 5B 


SOUTH CAROLINA WATER RESOURCES 
COMMISSION, COLUMBIA. AQUATIC 
PLANT MANAGEMENT PROGRAM. 
Overview of the South Carolina Aquatic Plant 
Management Program. 
W90-10016 4A 


SOUTH DAKOTA STATE UNIV., 
BROOKINGS. DEPT. OF AGRICULTURAL 
ENGINEERING. 
Development and Field Evaluation of a Cate- 
nary Trail-Tube System for Reducing Irrigation 
Water Losses. 
W90-09525 7B 


SOUTH DAKOTA STATE UNIV., 
BROOKINGS. WATER RESOURCES INST. 
Fiscal Year 1988 Program Report (South 
Dakota Water Resources Institute). 
W90-09552 9D 


SRI LANKA UNIV., PERADENIYA, FACULTY 
OF AGRICULTURE. 
Response of Selected Legume Companion Crops 
to Irrigation Frequencies. 
W90-09577 3F 


STANDOZ A.G., BASEL (SWITZERLAND). 

ZENTRALE 

UMWELTSCHUTZLABORATORIEN. 
Combined Pretreatment of Industrial Chemical 
Waste Waters using Hydrogen Peroxide Oxida- 
tion and Subsequent Activated Carbon Adsorp- 
tion (Kombinierte Vorbehandlung von abwas- 
sern aus der Chemischen Industrie durch Was- 
serstoffperoxide-Oxidation und nachfolgende 
Aktivkohleadsorption). 
W90-10207 5 


STANFORD UNIV., CA. DEPT. OF APPLIED 
EARTH SCIENCES. 
Numerical Simulation of Coadsorption of Ionic 


Surfactants With Inorganic Ions on Quartz. 
W90-09866 


Imaging of Spatial Uncertainty: A Non-Gaussian 
Approach. 
W90-10430 7C 


STANFORD UNIV., CA. DEPT. OF CIVIL 
ENGINEERING. 
Accounting for Environmental Quality in Water 
Resources Planning. 
W90-10110 6G 


STANFORD UNIV., CA. DEPT. OF 
PETROLEUM ENGINEERING. 
Uncertainty in Forecasting Breakthrough of 
Fluid Transported Through Fractures. 
W90-10417 2F 


STATE UNIV. OF NEW YORK AT BUFFALO. 
DEPT. OF GEOGRAPHY. 
Network Models in Geomorphology. 
W90-10338 2J 


STATE UNIV. OF NEW YORK COLL, AT 
BUFFALO. DEPT. OF BIOLOGY. 
Behavioural Thermoregulation of Largemouth 
Bass (Micropterus salmoides): Response of 
Naive Fish to the Thermal Gradient in a Nucle- 
ar Reactor Cooling Reservoir. 
W90-09623 5C 


STATE UNIV. OF NEW YORK COLL. OF 
ENVIRONMENTAL SCIENCE AND 
FORESTRY, NEWCOMB. ADIRONDAK 
ECOLOGICAL CENTER. 

Effects of Road Deicing Salt on Chloride Levels 

in Four Adirondack Streams. 

W90-10204 5B 


STAVEBNI GEOLOGIE, PRAGUE 
(CZECHOSLOVAKIA). 
Impact of Agricultural Activities on Ground 
Water. 
W90-10388 5B 


Mathematical Models. 
W90-10393 5G 


Groundwater Quality Monitoring Under Differ- 
ent Agricultural Conditions. 
W90-10394 5B 


STELLENBOSCH UNIV. (SOUTH AFRICA). 
FACULTY OF AGRICULTURE. 
Effect of Spatial Variability on the Estimation of 
the Soluble Salt Content in a Drip-Irrigated 
Saline Loam Soil. 
W90-09654 3F 


STOLLAR (R.L.) AND ASSOCIATES, SANTA 
ANA, CA. 

Principles of Groundwater Flow. 

W90-09839 2F 


Groundwater Monitoring. 
W90-09842 


SUGAR INDUSTRY RESEARCH INST., 
REDUIT (MAURITIUS). 
Irrigation Research, Development and Practice 
in Mauritius. 
W90-09570 3F 


Comparative Study of the Financial and Eco- 
nomic Viability of Drip and Overhead Irrigation 
of Sugarcane in Mauritius. 

W90-09582 3F 


SUGAR INDUSTRY RESEARCH INST., 
REDUIT (MAURITIUS). BOTANY DIV. 
Influence of Drip Irrigation Emission Rate on 
Distribution and Drainage of Water Beneath a 
Sugar Cane and a Fallow Plot. 
W90-09578 3F 





SULTAN QABOOS UNIV., MUSCAT (OMAN). 
DEPT. OF CIVIL ENGINEERING. 

Flood Hydrograph Estimation from Arid Catch- 

ment Morphology. 

W90-09775 2E 
SVERIGES GEOLOGISKA UNDERSOEKNING, 
UPPSALA. 

PMK-Groundwater (PMK-Grundvatten). 

W90-10050 5B 
SVERIGES METEOROLOGISKA OCH 
HYDROLOGISKA INST., NORRKOEPING. 

Recent Developments in Snowmelt-Runoff Sim- 

ulation. 

W90-10485 71C 


SWEDISH ENVIRONMENTAL RESEARCH 
INST., STOCKHOLM. 
Impact of Utilization in River Basin Manage- 
ment. 
W90-09769 6G 


SYRACUSE UNIV., NY. DEPT. OF GEOLOGY. 
Isotopic Analysis of Groundwater Flow Sys- 
tems in a Wet Alluvial Fan, Southern Nepal. 
W90-09978 2F 


TASMANIA UNIV., HOBART (AUSTRALIA). 
DEPT. OF GEOGRAPHY. 
Lotic Vegetation Dynamics Following Disturb- 
ance Along the Swan and Apsley Rivers, Tas- 
mania, Australia. 
W90-10224 2H 


TATE AND LYLE TECHNICAL SERVICES, 
BROMLEY (ENGLAND). 
Experience with Approximately 600 Hectare of 
Drip Irrigation at Simunye Sugar Estate, Swazi- 


land. 
W90-09572 3F 


TEACHER TRAINING COLL., OLSZTYN 
(POLAND). DEPT. OF ECOLOGY AND 
ENVIRONMENT PROTECTION. 
Investigation on Water Bugs (Heteroptera) in 
Strongly Polluted Lake Suskie (Northern 
Poland). 
W90-09681 5C 


TECHNICAL UNIV. OF DENMARK, LYNGBY. 
INST. OF HYDRODYNAMICS AND 
HYDRAULIC ENGINEERING, 
Inverse Modelling of Flow and Transport. 
W90-10503 5B 


TECHNION - ISRAEL INST. OF TECH., 
HAIFA. FACULTY OF CIVIL ENGINEERING. 
Effects of Similarity Parameters on Fuel Migra- 
tion through Porous Media. 
0504 5B 


TECHNISCHE HOCHSCHULE AACHEN 
(GERMANY, F.R.). LEHRSTUHL FUER 
GEOGRAPHIE UND GEOGRAPHISCHES 
INST. 
Modelling Landform Change. 
'90-10346 


TECHNISCHE HOGESCHOOL DELFT 
(NETHERLANDS). 
Developments in and Tasks for Decision Making 
in River Basin Management. 
W90-09771 6B 


TECHNISCHE UNIV. BERLIN (GERMANY, 
F.R.). DEPT. OF HYGIENE. 
Bulking Sludge Causing Bacteria from Sewage 
Treatment Plants: II. Growth Physiology of Fil- 
amentous Bacteria (Blahschlamm verursachende 
Bakterien aus Klaranlagen. II]. Wachstumsphy- 
siologie fadenformiger Bakterien). 
10206 5D 


TEL-AVIV UNIV. (ISRAEL). DEPT. OF 

GEOPHYSICS AND PLANETARY SCIENCES. 
Contribution of Sulfate and Desert Aerosols to 
the Acidification of Clouds and Rain in Israel. 
W90-10168 5B 
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UNIVERSITA CATTOLICA DEL SACRO CUORE, PIACENZA (ITALY). FACOLTA Di 


TENNESSEE UNIV., KNOXVILLE. CENTER 
FOR ENVIRONMENTAL BIOTECHNOLOGY. 
Ecological Fate, Effects and Prospects for the 
Elimination of Environmental Polychlorinated 
Biphenyls (PCBs). 
W90-10143 5C 


TENNESSEE UNIV., KNOXVILLE. DEPT. OF 
MATHEMATICS, 
Toxicant-Induced Mortality in Models of Daph- 
nia Populations. 
W90-10139 5C 


TENNESSEE UNIV., KNOXVILLE. DEPT. OF 
MICROBIOLOGY. 
Dynamic Interactions of Pseudomonas aerugin- 
osa and Bacteriophages in Lake Water. 
W90-10303 2H 


TENNESSEE VALLEY AUTHORITY, MUSCLE 
SHOALS, AL. DIV. OF WATER RESOURCES. 
Association of Aquatic Plants and Mosquito 
Production in Impoundments. 
W90-10012 4A 


Overview of TVA Aquatic Plant Management 
Program. 
W90-10020 4A 


Low Level Remote Sensing of Aquatic Weeds. 
W90-10030 B 


TERRA THERMA, INC., DENVER, CO. 
Hydrological and Ecological Processes in a Col- 
orado, Rocky Mountain Wetland: Case Study. 
'W90-10444 6G 


TEXAS A AND M UNIV., COLLEGE 
STATION. DEPT. OF CIVIL ENGINEERING. 
Economic Evaluation of Urban Flood Damage 
Reduction Plans. 
W90-10117 6C 


TEXAS A AND M UNIV., COLLEGE 
STATION. DEPT. OF SOIL AND CROP 
SCIENCES, 
Effects of Flurprimidol, Mefluidide, and Soil 
Moisture on St. Augustinegrass Evapotranspira- 
tion Rate. 
W90-09605 3F 


TEXAS A AND M UNIV., COLLEGE 
STATION. WATER RESOURCES INST. 
Fiscal Year 1988 Program Report (Texas Water 
Resources Institute). 
W90-09561 9D 


TEXAS TECH UNIV., LUBBOCK. DEPT. OF 
AGRONOMY, HORTICULTURE, AND 
ENTOMOLOGY. 
Cotton Management Strategies for a Short 
Growing Season Environment: Water-Nitrogen 
Considerations. 
W90-09585 3F 


TEXAS UNIV. AT ARLINGTON. DEPT. OF 
GEOLOGY. 
Evolution of a Plio-Pleistocene Volcanogenic- 
Alluvial Fan: The Puye Formation, Jemez 
Mountains, New Mexico. 
W90-10177 2J 


TEXAS UNIV. AT AUSTIN. BUREAU OF 
ECONOMIC GEOLOGY. 
Vadose-zone Recharge and Weathering in an 
Eocene Sand Deposit, East Texas, U.S.A. 
W90-09795 2F 


TEXAS UNIV., AUSTIN. DEPT. OF CIVIL 
ENGINEERING. 

Land Disposal of Hazardous Wastes. 

W90-09833 5E 


THAMES WATER AUTHORITY, READING 
(ENGLAND). RIVERS DIV. 
Alternative Channelization Procedures. 
W90-10002 4A 


TOHOKU UNIV., SENDAI (JAPAN). 
BIOLOGICAL INST. 
Ecology of Some Ricefields in Japan as Exem- 
plified by Some Benthic Fauna, with Notes on 
Management. 
W90-09699 SE 


TOKYO METROPOLITAN UNIV. (JAPAN). 
DEPT. OF INDUSTRIAL CHEMISTRY. 
Chemiluminescence Sensor with Uranine Immo- 
bilized on an Anion-Exchange Resin for Moni- 
toring Free Chlorine in Tap Water. 
W90-09626 5F 


TOKYO UNIV. (JAPAN). DEPT. OF 
GEOGRAPHY. 
Long-term Variability of the Tropical African 
Rainbelt and Its Relation to Rainfall in the Sahel 
and Northern Kalahari. 
W90-09803 2B 


TOKYO UNIV. OF FISHERIES (JAPAN). 
Light Conditions and Photosynthetic Productiv- 
ity of Ice Algal Assemblages in Lake Saroma, 
Hokkaido. 

W90-09621 2H 


TOLEDO UNIV., OH. DEPT. OF CIVIL 
ENGINEERING. 

Hazardous Waste. 

W90-10125 5D 


Penetration Model Parameter Estimation from 
Dynamic Permeability Measurements. 
W90-10246 2G 


TRIANGLE LTD. (ZIMBABWE). 
AGRICULTURAL DIV. 
Reticulation of Ethanol Stillage through Irriga- 
tion Systems and Its Use for Fertilisation of 
Sugarcane in Zimbabwe. 
W90-09565 3C 


TROMSOE UNIV. (NORWAY). INST. FOR 
BIOLOGI OG GEOLOGI. 
Calculating the Load of Organic Carbon to the 
Aphotic Zone in Eutrophicated Coastal Waters. 
W90-10242 5B 


TULSA UNIV., OK. DEPT. OF BIOLOGICAL 
SCIENCES. 
Models for Predicting Benthic Macroinverte- 
brate Habitat Suitability Under Regulated 
Flows. 
W90-10007 2H 


UNIVERSIDADE ESTADUAL PAULISTA, 
BOTUCATU (BRAZIL). FACULDADE DE 
CIENCIAS AGRONOMICAS. 

Runoff Hydrograph Analysis in Agricultural 

Watersheds by Oxygen-18. 

W90-09981 7B 


UNIVERSIDADE FEDERAL DO CEARA, 
FORTALEZA (BRAZIL). DEPT. OF 
AGRICULTURAL ENGINEERING. 

Modelling the Effect of Depth on Furrow Infil- 

tration. 

W90-10120 3F 


UNIVERSIDADE NOVA DE LISBOA 
(PORTUGAL). ENVIRONMENTAL SYSTEMS 
ANALYSIS GROUP. 

Environmental Support System for Estuarine 

Water-Quality Management. 

W90-09674 5G 


UNIVERSITA CATTOLICA DEL SACRO 
CUORE, PIACENZA (ITALY). FACOLTA DI 
AGRARIA. 
Pesticide Residues in the Po River Watershed: 
Application of a Mathematical Model. 
W90-09717 5B 
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UNIVERSITY OF EAST ANGLIA, NORWICH (ENGLAND). SCHOOL OF DEVELOPMENT 


UNIVERSITY OF EAST ANGLIA, NORWICH 
(ENGLAND). SCHOOL OF DEVELOPMENT 
STUDIES. 
Resource Use in Intercropping Systems. 
W90-09576 3F 


UNIVERSITY OF EAST ANGLIA, NORWICH 
(ENGLAND). SCHOOL OF 
ENVIRONMENTAL SCIENCES. 
Mathematical Models of Channel Morphology. 
W90-10339 2J 


UNIVERSITY OF NEW ENGLAND, 
ARMIDALE (AUSTRALIA). DEPT. OF 
AGRICULTURAL ECONOMICS AND 
BUSINESS MANAGEMENT. 
Possibilities for Modifying Crop and Soil Man- 
agement Practices to Maximize Production per 
Unit Rainfall. 
W90-09823 3F 


UNIVERSITY OF PETROLEUM AND 
MINERALS, DHAHRAN (SAUDI ARABIA). 
DEPT. OF ECONOMICS. 

Water Use in Saudi Arabia: Problems and Policy 

Implications. 

W90-09671 6D 


UNIVERSITY OF SOUTH FLORIDA, TAMPA. 
DEPT. OF CHEMISTRY. 
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W90- 10200 
W90-10201 
W90-10202 
W90-10203 
W90-10204 
'W90-10205 
'W90-10206 
'W90-10207 
W90-10208 
W90-10209 
W90-10210 
Ww90-10211 
W90-10212 
W90-10213 
W90-10214 
W90-10215 
W90-10216 
W90-10217 
W90-10218 
W90-10219 
W90-10220 
W90-10221 
W90-10222 
W90-10223 
W90-10224 
W90-10225 
W90-10226 
W90-10227 
W90-10228 
W90-10229 
W90-10230 
Ww90-10231 
W90-10232 
W90- 10233 
W90-10234 
W90-10235 
W90-10236 
W90-10237 
W90-10238 
W90-10239 
W90-10240 
W90-10241 
W90-10242 
W90-10243 
W90- 10244 
W90-10245 
W90-10246 
W90-10247 
W90-10248 
W90-10249 
W90-10250 
W90-10251 
W90-10252 
W90-10253 
W90-10254 
W90-10255 
W90-10256 
W90-10257 
W90-10258 
W90-10259 
W90-10260 
W90-10261 
W90- 10262 
W90-10263 
W90- 10264 
W90-10265 
W90-10266 


W90-10267 
W90-10268 
W90-10269 
W90-10270 
W90-10271 
W90-10272 
W90-10273 
W90-10274 
W90-10275 
W90-10276 
W90-10277 
W90-10278 
W90-10279 
'W90-10280 
W90-10281 
W90-10282 
W90-10283 
W90-10284 
'W90-10285 
W90-10286 
W90-10287 
W90-10288 
W90-10289 
W90-10290 
W90-10291 
W90-10292 
W90-10293 
W90-10294 
W90-10295 
W90-10296 
W90-10297 
W90-10298 
W90-10299 
W90-10300 
W90-10301 
W90- 10302 
W90-10303 
W90-10304 
W90-10305 
W90- 10306 
W90-10307 
W90- 10308 
W90-10309 
W90-10310 
W90-10311 
W90- 10312 
W90-10313 
W90-10314 
W90-10315 
W90-10316 
W90-10317 
W90-10318 
W90-10319 
W90-10320 
W90-10321 
W90-10322 
W90-10323 
W90-10324 
W90-10325 
W90-10326 
W90-10327 
W90-10328 
W90-10329 
W90-10330 
W90-10331 
W90-10332 
W90-10333 
W90-10334 
W90-10335 
W90-10336 
W90-10337 
W90-10338 
W90-10339 
W90-10340 
W90-10341 
W90-10342 
W90-10343 
W90- 10344 
W90-10345 
W90-10346 
W90-10347 
W90-10348 
W90-10349 
W90-10350 
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W90-10351 
W90-10352 
W90-10353 
W90-10354 
W90-10355 
W90- 10356 
W90-10357 
W90-10358 
W90-10359 
W90- 10360 
W90-10361 
W90-10362 
W90-10363 
W90-10364 
W90-10365 
W90-10366 
W90-10367 
W90-10368 
W90-10369 
W90-10370 
W90-10371 
W90-10372 
W90-10373 
W90-10374 
W90-10375 
W90-10376 
W90-10377 
W90-10378 
W90-10379 
W90-10380 
W90-10381 
W90-10382 
W90-10383 
W90-10384 
W90-10385 
W90-10386 
W90-10387 
W90-10388 
W90-10389 
W90-10390 
W90-10391 
W90-10392 
W90-10393 
W90-10394 
W90-10395 
W90-10396 
W90-10397 
W90-10398 
W90-10399 
W90-10400 
W90-10401 
W90-10402 
W90- 10403 
W90-10404 
W90-10405 
W90-10406 
W90- 10407 
W90-10408 
W90-10409 
W90-10410 
W90-10411 
W90-10412 
W90-10413 
W90-10414 
W90-10415 
W90-10416 
W90-10417 
W90-10418 
W90-10419 
W90-10420 
W90-10421 
W90-10422 
W90-10423 
W90-10424 
W90-10425 
W90-10426 
W90-10427 
W90-10428 
W90-10429 
W90-10430 
W90-10431 
W90-10432 
W90-10433 
W90-10434 


W90-10435 
W90- 10436 
W90-10437 
W90-10438 
W90-10439 
W90-10440 
W90-10441 
W90-10442 
W90-10443 
W90- 10444 
W90-10445 
W90- 10446 
W90-10447 
W90-10448 
W90-10449 
W90-10450 
W90-10451 
W90-10452 
W90-10453 
W90-10454 
W90-10455 
W90-10456 
W90-10457 
W90-10458 
W90-10459 
W90-10460 
W90-10461 
W90-10462 
W90-10463 
W90-10464 
W90-10465 
W90- 10466 
W90- 10467 
W90-10468 
W90-10469 
W90-10470 
W90-10471 
W90-10472 
W90-10473 
W90-10474 
W90-10475 
W90-10476 
W90-10477 
W90-10478 
W90-10479 
W90-10480 
W90-10481 
W90-10482 
W90- 10483 
W90-10484 
W90-10485 
W90- 10486 
W90-10487 
W90-10488 
W90-10489 
W90-10490 
W90-10491 
W90-10492 
W90-10493 
W90-10494 
W90-10495 
W90- 10496 
W90-10497 
W90-10498 
W90-10499 
W90-10500 
Ww90-10501 
W90-10502 
W90-10503 
W90-10504 
W90-10505 
W90-10506 
W90- 10507 
W90- 10508 
W90-10509 
W90-10510 
W90-10511 
W90-10512 
W90-10513 
W90-10514 
W90-10515 
W90-10516 
W90-10517 


W90-10517 
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W90-10518 


W90-10518 2F W90-10520 5B W90-10522 5B W90-10523 5G 
W90-10519 5G W90-10521 5G 
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Subject Fields 
1990 Price Schedules for the United States, Canada, and Mexico 
These prices are for customers in the United States, Canada, and Mexico; 


NATURE OF WATER other customers, write for price list PR-360-4. 


Microfiche & Paper Copy Reports Computer Products 


SS3NISNE TVIDId40 
LOLZZ_ WA ‘pleyBuuds 


peoy jeAoy wod S8zS 
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Standard Prices Exception Prices Diskettes Magnetic Tapes 
WATER CYCLE si 9 ap 


A01 ...............$8.00 E01 { 001 T01 $165 
es, EEE 002... TO02 ... <n 
WATER SUPPLY AUGMENTATION DD sa sisstsicind WOO TO Gu. 4 eee T03 ... soe 


A04-A05.......17.00 E04 : | Ree: T04 
AND CONSERVATION A06-A09......23.00 E05 vce 1850 DOS T05 


A10-A13.......31.09 E06 : BOO vsccseatectsseseee T06 ... 


WATER QUANTITY MANAGEMENT os ae a 


AND CONTROL A22-A25 53.00 E09 eecenee- 29.50 DOD cr ccrescen T09 ....... 
eS ee T10.. 

VE iscieiste J 5 ee Les ee 
WATER QUALITY MANAGEMENT = Codes 3) D12 Tid... 
AND PROTECTION EIB cccsenne GOO OND acnca nn. n- 713... 
NO1 .............$60.00 E14 . Ns sastescudacal T14... 
NO2 cocccccseeeee 59.00 E15... 48. ROIS cisisissccssssnns T15... 
! Jinieraeeacaeee E16 eee TH: 
WATER RESOURCES PLANNING ai eS Lae ee a 
E18............62.00 Di18.. 718... 
COG ccc WB arrose 119. 
E20.. GO siidisssestscsreiecee 
RESOURCES DATA Se 


* Contact NTIS for price 
Prices effective January 1, 1990 


00€$ ‘ASN aeALId 404 Ayjeued 
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ENGINEERING WORKS 





MANPOWER, GRANTS, AND 
FACILITIES 


SCIENTIFIC AND TECHNICAL 
INFORMATION 
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INDEXES 


9018h IW 


SUBJECT INDEX 


AUTHOR INDEX 
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ORGANIZATIONAL INDEX 
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ACCESSSION NUMBER INDEX 
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U.S. DEPARTMENT OF COMMERCE AN EQUAL OPPORTUNITY EMPLOYER 





National Technical Information Service 


